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RADIOACTIVITY AND RADIOISOTOPES * 


Frep ALLISON 
Alabama Polytechnic Institute, Auburn, Alabama 


HE purpose of this paper is to present 
> ene basic facts and principles of 
radioactivity and radioisotopes as a back- 
ground for the more specialized treatments 
and applications appearing on this pro- 
gram, and to do so in terms as non-tech- 
nical as possible. I shall have to ask the 
physicists present to bear with me because 
all that I shall say—indeed far more than 
I might hope to say—is well known to 
them. The paper is therefore addressed 
not primarily to. physicists but rather to 
our colleagues in adjacent fields of science 
to whom the language of nuclear physics is 
not a native tongue. 

The present state of atomic science is 
the culmination of researches which began 
fifty years ago. It stems from three monu- 
mental discoveries made at the close of the 
last century: X-rays by Roentgen in 1895, 
radioactivity by Becquerel in 1896, and 
the electron by J. J. Thomson in 1897. 
These discoveries provided novel and 
powerful methods for studying the nature 
and the structure of the atom. Since 
X-rays were found to produce fluorescence 
in certain substances, Becquerel in France 
conceived the idea that compounds of 
uranium, which were known to glow or 
phosphoresce after exposure to light, may 
be emitting inyisible rays similar to X-rays. 
He began a series of investigations and 
was soon rewarded with the discovery that 
salts of uranium, wrapped in black paper 
and kept in the dark, affected a. photo- 
graphic plate; and did so when thin sheets 

*A paper read before the Conference on the 
Use of Radioisotopes in Agricultural Research, 
Auburn, Alabama, December 18-20, 1947. 


of material intervened between the uranium 
and the plate. Like X-rays, these radi- 
ations from uranium ionized the surround- 
ing air. Among the scientists to enter 
upon the investigations initiated by Bec- 
querel were Madame Curie and her hus- 
band, Pierre Curie. Other discoveries 
followed in rapid succession. Schmidt and 
Mme. Curie found thorium to show an 
activity comparable with that of uranium. 
Then in 1898, noting to her surprise that 
the mineral pitchblende was more active 
than uranium itself and suspecting that 
this activity might be due to a new radio- 
active element contained in the mineral, 
Mme. Curie through laborious investiga- 
tions was led to the discovery of two new 
substances of high activity. These proved 
to be new: elements which she named 
polonium and radium. The activities by 
which these elements were detected con- 
sisted of invisible radiations which ema- 
nated from them, exposing photographic 
plates and rendering the air, and other 
gases, electrically conducting. And it is 
by such invisible radiations that radioiso- 
topes in the tracer techniques of today 
broadcast their presence and are identified. 
The name radium derives from the 
Latin, radius, meaning ray. This property 
of emitting invisible and penetrating rays 
became known as radioactivity; and all 
such elements were called radioactive ele- 
ments, or more briefly, radioelements. A 
number of these elements was discovered 
around the turn of the century. 
Investigations soon revealed that radio- 
activity is a property of the atom, not of 
the molecule. The activity of radium, for 
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example, was the same whether from 
radium bromide, chloride, or some other 
compound, or from the isolated element 
itself; nor was it affected by extremes of 
temperature or any chemical or physical 
treatment to which the radium might be 
subjected. Meanwhile, the year 1912 saw 
the advent of the Rutherford and Bohr 
nuclear atom, pictured as a solar system in 
miniature, the center or nucleus represent- 
ing the sun and the revolving electrons the 
planets—concepts which have been much 
modified subsequently but which are still 
valuable guides to our thinking. It was 
then learned that radioactivity has its seat 
not in the atom as a whole, not in the 
planetary electrons which compose the 
outer region of the atom, but in the nucleus 
alone. Radioactivity is thus a nuclear phe- 
nomenon and is to be classed under nuclear 
physics and nuclear chemistry. 

The nature of these radiations was soon 
disclosed at the hands of Rutherford and 
others. They were resolved into three dis- 
tinct types of so-called “rays”: the alpha, 
the beta and the gamma rays. The word 
ray is a misnomer for the first two types, 
since alpha and beta rays are not rays but 
particles. The alpha particle was identi- 
fied as a helium atom deprived of its two 
planetary electrons, or a doubly ionized 
helium atom, more simply the nucleus of 
the helium atom. It is believed to be com- 
posed of two protons and two neutrons 
very tightly packed together. The proton, 
as you know, is the nucleus or core of the 
hydrogen atom, or an ionized atom of ordi- 
nary hydrogen, which bears the smallest 
known unit of positive electricity, while the 
neutron bears no electric charge at all and 
has about the same weight as the proton— 
just a trifle heavier. So that the alpha par- 
ticle has a charge of two positive units and 
@ mass or weight of four units. The beta 
particle is a high speed negative electron. 
Its charge is exactly the same in magnitude 
as the charge of the proton but of opposite 
sign, while it is some 1800 times lighter in 
weight than the proton and _ neutron. 


Gamma rays are electromagnetic waves. 
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They are of the same nature as light or 
X-rays, differing only in wave-length, or 
frequency. Their waves are some thou- 
sands of times shorter than light waves; 
and in general, the gamma rays are still 
shorter than X-rays. On the quantum 
theory, we look upon gamma rays as par- 
ticles rather than waves: particles or 
quanta of energy, commonly known as 
photons, which travel with the speed of 
light. It is from the viewpoint of quanta 
or photons that gamma rays are usually 
treated in nuclear studies. And on Ein- 
stein’s mass-energy relation, the photon 
must possess mass, a mass obtained by 
dividing its energy by the speed of light 
squared. As we shall see, a photon of 
energy expressible in grams of mass has a 
very definite reality in nuclear equations. 

Alpha particles are ejected from the 
nucleus with speeds in general of about 
1/20 the speed of light; beta rays with 
speeds almost equal to that of light; while 
gamma rays, have the speed of light. 
Alpha and beta particles are deflected in 
opposite directions by an electric or a mag- 
netic field, a fact which indicates that they 
are oppositely charged particles, while 
gamma rays like light are unaffected by 
magnetic forces. Alpha particles have 
small penetrating powers; they may be 
stopped by a sheet of paper; their range in 
air is only a few centimeters, depending 
on the source of the particle. Beta par- 
ticles will penetrate several millimeters of 
aluminum and gamma rays several inches 
of lead. Rutherford’s rough rule is that 
beta rays are about ten times more pene- 
trating than alphas and gammas about ten 
to a hundred more so than betas. The 
ionizing powers of these rays, however, are 
approximately in the inverse ratio to their 
penetrating powers. That is to say, the 
alphas are most intense ionizers, the betas, 
next, and last, the gammas. An alpha ray 
from radium C’ produces about 200,000 
ions before it comes to rest at the end of 
its range of about 7 cm. in air. These 
alpha and beta particles ionize gases by 


dislodging electrons from the planetary 
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orbits of the atoms which lie in their paths, 
thus giving up their energies. Gamma 
rays, however, ionize only indirectly. The 
gamma ray photon eventually collides with 
a planetary electron, gives over all or a 
part, as the case may be, of its energy to 
the electron, while the electron, thus en- 
dowed with high speed, creates ions as it 
knocks electrons from the atoms encoun- 
tered along its course. By this indirect 
process gamma rays are ionizing agents. 
The alpha, beta and gamma rays sig- 
nalize the spontaneous transmutation of 
one element into another. Some six years 
after the discovery of radioactivity, Ruther- 
ford and Soddy proposed a theory of 
radioactive transformations, a theory which 
was destined to receive most ample con- 
firmation. The emission of a single alpha 
or beta particle converts the atom into one 
of a different chemical element—in a sense 
the realization of the ancient dream of the 
alchemist. For example, radium on ex- 
pelling an alpha particle, is changed into 
the element radon, one of the inert gases. 
Since the alpha particle carries away 4 
units of mass and 2 units of positive elec- 
tric charge, the daughter element, radon, 
has been reduced in atomic weight by 4 
units, and in atomic number by 2 units as 
compared with its parent, radium. (You 
will recall that the atomic number repre- 
sents the number of positive charges, or 
protons, in the nucleus.) Radon itself is 
radioactive; it emits alpha particles and 
thus is transmuted into radium A (an 
isotope of polonium), which is reduced 
again in atomic weight by 4 and atomic 
number by 2 units. In like manner by 
alpha emission, polonium turns into radium 
B (a radioisotope of lead). This element 
emits a beta particle and becomes radium C 
(a radioisotope of bismuth). Since the 
beta particle has a unit negative charge 
and since its mass is negligible compared 
with the heavier particles, radium C is one 
unit higher in atomic number than its 
parent, radium B, but of the same weight. 
And thus by the successive emissions of 
alphas and betas, the original radium 
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atoms eventually terminate in an end pred- 
uct, lead, which is stable. In these trans- 
mutations, gamma rays contribute nothing 
to either the atomic weight or atomic num- 
ber of the disintegrating atoms, because the 
gammas are without charge and the mass 
equivalent of their energy is inappreciable 
in comparison with the proton mass. 
Gamma rays accompany, or follow, the 
betas from most substances and the alphas 
from a few. The gamma ray photon repre- 
sents the energy released as an excited 
nucleus changes from a higher to a lower 
energy level, in much the same sense as a 
photon of light is a measure of the energy 
involved in the transition of an electron 
from an orbit of higher to lower energy on 
the Bohr theory. It should be reiterated 
that the mass content of the gamma photon 
plays a fundamentally important role in 
nuclear reactions. 

The facts above outlined in the break- 
down of radium and its products may be 
generalized in the Radioactive Displace- 
ment Law due to Soddy, Fajans and Rus- 
sell which was enunciated prior to our 
modern views of the atom but is quite in 
accord with them. The law states: When 
an element undergoes alpha-disintegration 
there is a loss of two units of positive 
nuclear charge so that the atom moves 
down two places in the periodic table of 
elements ; whereas in a beta disintegration 
there is a loss of an electron so that the 
atom moves up one place in the system; 
in alpha-disintegration the atomic weight 
thus decreases by four units and the atomic 
number by two units, while in beta-disinte- 
gration the atomic weight remains constant 
and the atomic number increases by one 
unit. 

The radioactive materials are thus con- 
tinuously decaying and disappearing, atom 
by atom, each at a rate which is character- 
istic of the element itself. Early experi- 
ments revealed that the disintegration of 
each element follows the law of proba- 
bility or chance. That is, the number of 
atoms which decay in a small unit of time 


is proportional to the number of atoms 
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present at the given moment. In other 
words, a radioelement dies away according 
to an exponential law, a sort of compound 
interest law in reverse. This law involves 
what is defined as the radioactive, decay 
constant, usually symbolized by the Greek 
letter lambda. In words, lambda may be 
defined as the relative number of atoms 
disintegrating per second; or since lambda 
is a probability constant, it is the chance 
that a single atom will disintegrate in one 
second. Lambda has the dimensions of the 
reciprocal of time. Hence, if lambda is 
large, the life of the radioactive material is 
correspondingly short, and vice versa. 
Lambda is independent of the quantity of 
the material present, its past history, or its 
chemical or physical state. Since the law 
is an exponential one, an infinite time 
would be required for any radioactive body 
to vanish completely. It became necessary, 
therefore, to adopt some convenient defi- 
nition of the life, or the decay period, of an 
element. The half-life period is the meas- 
ure usually employed. It is the time taken 
for the particular element to decay to one- 
half its original amount. Each radioele- 
ment is thus characterized and identified 
by its half-life period. The half-life of 
radium is about 1600 years whereas that 
of radon, the daughter product, is about 4 
days. Starting with one gram of radium, 
ve would have at the end of 1600 years 
one-half gram left; at the end of the next 
1600 years, one-half this amount, or one- 
fourth of a gram, and so forth out to an 
infinite time; while radon would be re- 
duced to one-half the original amount in 4 
days, one-fourth the next four days, and 
so on. This law of decay explains of 
course why elements of short half-lives 
have practically disappeared from the earth 
in geologic time. Among the natural 
radioactive substances the half-life periods 
vary over exceedingly wide limits, from 
about 10 billion years for thorium at the 
one extreme to a hundredth of a billionth 
of a second for one of its daughter prod- 
ucts at the other. 

The half-life is a sort of average life but 
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somewhat less than the actual average life 
The average life comes out to be simply 
1/lambda, while the half-life takes the 
value 0.693/lambda, which is about 40 per 
cent shorter. It is the half-life rather than 
the average life that is almost universally 
employed. 

There is a relationship, only approxi- 
mately known, between the energy of dis- 
integration and the life of the radioisotope. 
This relationship involves the energy of 
the ejected particle, and is somewhat dif 
ferent for alpha and beta energies. ‘The 
Geiger-Nuttall law may be mentioned for 
alpha particles and the Sargent Rule for 
betas. Suffice it to say, the more energetic 
the disintegration of the atom, the shorter 
is its half-life, the relationship being loga- 
rithmic. A short half-life is a mark of 
great instability, an indication that trans- 
mutation will be attended with greater 
explosive violence. Measurements of the 
energies of such particles have led to an 
approximate evaluation of the half-lives 
(mostly very short ones) of some isotopes 
otherwise impossible to determine. 

3y the year 1910, or thereabouts, more 
new radioelements had been discovered 
than could find places in the periodic chart. 
Often existing in minute quantities, they 
could be detected and their chemical prop- 
erties determined in most cases only by the 
types of radiations emitted and the decay 
constants. A rather baffling problem now 
presented itself. Some of these elements 
defied all chemical methods to separate 
them. They appeared to be chemically and 
physically identical save for their radio- 
activity. The idea had been entertained 
for some years that the atoms of an ele- 
ment may not all be of the same weight. 
Soddy now seriously advocated the view 
that some of these radioactive substances 
are indeed one and the same chemical ele- 
ment, differing only in the weights of their 
atoms. He proposed that they be called 
isotopes, from two Greek words, isos, 
equal, and topos, place 





signifying that 
they occupy the same place in the periodic 
table of the elements. Today most all of 
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the ninety odd elements are known to con- 
sist of two or more isotopes, while many 
hundreds of new radioisotopes have been 
created artificially. In terms of our mod- 
ern concepts, we may define isotopes as 
atoms of the same chemical element which 
differ only in the number of neutrons con- 
tained in their nuclei. The isotopes of a 
given element have the same atomic num- 
the 


protons in their nuclei, or the same number 


ber, which means same number of 


of orbital electrons surrounding the nuclei. 
For example, the isotopes of uranium, 
U*® and U8, each has 92 protons in its 
nucleus, each has 92 planetary electrons, 


but the nucleus of the one contains 143 
neutrons, the nucleus of the other, 146 
neutrons. The two isotopes differ in that 


one nucleus has three more neutrons than 
the other. Comparing in like manner the 
carbon isotopes, C!* and C', we may say 
that there are 6 protons in the nucleus of 
each, while there are 6 neutrons in the one 
and 8 in the 


neutrons. 


other—a difference of 2 
The chemical properties and the 
spectra of the isotopes of any element are 
practically identical. It soon became recog- 
nized that the atomic number (the number 
of protons in the nucleus) and not the 
atomic weight, determines the chemical 
behavior of an element and that most of 
the elements are mixtures of isotopes. 

Parenthetically, we may recall that the 
nucleus originally was thought to be com- 
posed of protons and electrons—an_ hy- 
pothesis which became untenable—and that 
| following the discovery of the neutron 
(1932) the picture changed to the present 
view, namely, that protons and neutrons 
are the sole constituents of atomic nuclei. 
As such, these two particles are often 
called nucleons, the term embracing both 
protons and neutrons. 

The Displacement Law implies a genetic 
relationship among the natural radioele- 


1 ments. Indeed they fall into three groups 

q . : e oes , 

: or radioactive families: the uranium- 
t radium family; the uranium-actinium 





family; and the thorium family. The 
uranium isotope 238 is the ancestor of the 





RADIOACTIVITY AND RADIOISOTOPES 



































chain of elements constituting the uranium- 


radium family. In the successive alpha 


and beta emissions a line of descent of 


radioelements is generated, passing through 
radium and terminating in a Stable atom 
of lead. In this entire sequence there are 
This 


means, according to the Displacement Law, 


8 alpha and 6 beta disintegrations. 


that the end product is an isotope of lead, 
mass 206. 


veins in juxtaposition to uranium are con- 


Analyses of lead taken from 


firmatory, in that the most abundant iso- 
The 


parent of uranium-actinium family is the 


tope in such lead is of mass 206. 


rarer isotope U*** of atom bomb fame. 
Through a chain of transmutations, con- 
sisting of seven alpha and 4 beta expul- 
sions, we again reach the end product in 
a stable atom of lead, but of 207 units of 
weight, in harmony with both the Displace- 
The 


thorium family, heading in the thorium 


ment Law and more recent evidence. 


isotope of mass 232, contains a lineage of 
radioelements which ends again in a stable 
isotope of lead, but in this case one having 
a mass of 208, after six alpha and four beta ‘ 
transmutations have ensued. Again, ex- 
periment checks with theory, the isotope 
208 being found to predominate in lead 
mined from deposits contiguous to thorium. 
A radioactive family is thus seen to be a 
series of elements undergoing spontaneous 
transformations, each of which is derived 
from the one preceding it, the end product 
being lead. Starting with any radioele- 
ment as parent, a time comes when a state 
of equilibrium is established and each ele- 
ment decomposes at the same rate at which 
it is formed. The relative quantities of the 
elements in the disintegrating chain remain 
constant. For example, the proportion of 
radium to uranium in minerals is always 
If the half-life of 
the parent substance is very great, as in 


found to be the same. 


uranium, the amount of each product sub- 
stance remains practically constant once 
This 
The 


quantities of the various elements present 


radioactive equilibrium is attained. 
is known as secular equilibrium. 


are obviously proportional to their respec- 
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tive half-lives. Radium, as we know, by 
an alpha emission goes over into the inert 
gas, radon. The ratio of their half-lives 
is about 150,000 to 1. 
radium is in equilibrium with radon, the 


If then 1 gram of 


amount of radon present is about 6 one- 
thousandths of a milligram, more exactly, 
6.5810 gram. If, however, the parent 
substance heading the chain is of short 
half-life, a state of so-called transient equi- 
librium is reached. While the relative 
amounts of the product substances remain 
constant, the actual amount of any one ele- 
ment present at any instant is proportional 
to the amount of the parent substance 
remaining. 

As the science advanced, it became nec- 
essary of course to determine a unit in 
which to measure the activity or the in- 
tensity of any radioactive source. The 
unit adopted is the amount of radon which 
is in equilibrium with one gram of radium. 
It is called the curie in honor of the dis- 
coverers of radium. Equilibrium between 
radium and radon is soon established. The 
amount of radon then present, as we have 
just noted, is about 6 millionths of a gram. 
In this amount there are about 37 billion 
atoms breaking down per second. A 
smaller unit, the millicurie, one thousandth 
of a curie, is the more common one. It is 
current practice to define the millicurie not 
in terms of the amount of the substance 
present but in the number of atoms disin- 
tegrating per second. The millicurie is 
thus defined as 3.7 10* disintegrations per 
second. This unit applies to any radio- 
active substance, regardless of the type of 
radiation emitted. 

We have now concluded our discussion 
of natural radioactivity, which applies to 
elements whose nuclei are in such a state 
of instability that they disintegrate spon- 
taneously. They comprise about a dozen 
elements at the heavy end of the periodic 
table. In addition, four of the lighter ele- 
ments are naturally radioactive, namely, 
potassium, rubidium, samarium and lute- 
cium, three of which are beta-rayers and 
one, samarium, is an alpha-rayer. For 
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nearly forty years after the discovery of 
radioactivity, all other elements were 
looked upon as stable structures, not sus- 
ceptible to radioactive change. 

While in the early part of the century 
remarkable advances were being registered 
in our understanding of the external or 
planetary structure of the atom, the 
nucleus, like an impregnable fortress, 
withstood man’s assaults to wrest from it 
the secrets of its structure. It is fortified 
by a potential barrier difficult to surmount 
or penetrate, within which appear forces 
little understood and of a nature hitherto 
unknown—short range forces of attraction 
which hold the nuclear particles together 
and compete with the Coulomb forces of 
repulsion. The nucleus is inconceivably 
small and massive, having a diameter of 
the order of 10°? cm. and a density bil- 
lions of times that of steel, and embodying 
in itself practically all the mass and energy 
of the atom. The first-experiment to bring 
success was done by Rutherford in 1919 
and marks an important mile post in nu- 
clear science. Swift alpha particles from 
polonium were allowed to fly through 
nitrogen gas, when occasionally an alpha 
collided head-on with a nitrogen nucleus. 
The encounter resulted in the transmuta- 
tion of nitrogen into oxygen. What hap- 
pened was this: an alpha penetrated the 
nitrogen nucleus; a compound or inter- 
mediate nucleus of fluorine 18 was formed ; 
the compound nucleus immediately broke 
up, yielding the oxygen isotope 17 and a 
proton. A number of the lighter elements 
were disintegrated in this manner during 
the early 1920's. Transmutation processes 


in general may be outlined as follows: 


Initial Nucleus + Bombarding Particle 
— Compound Nucleus > 


Final Nucleus + Outgoing Particle + Q 


The symbol “Q” represents the nuclear 
energy change, positive (exothermic) if 
energy is released in the reaction, negative 
(endothermic) if energy is absorbed. It 


should be emphasized that the mass equiva- 
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lent of Q is essential in striking a mass 
balance sheet in all nuclear equations. 
The 


oxygen 


transmutation of nitrogen into 


(Rutherford’s experiment  de- 
scribéd above) may thus be represented : 
Initial Nucleus + Bombarding Particle 
-N'4 + He! 
— Compound Nucleus > 
ok?* 
Final Nucleus + Outgoing 


,0'7 + Hi—Q 


Particle 


Rutherford’s experiment was hailed as 


man’s first success in transmuting one 


chemical element into another—only a 
fiity-per cent success, however, since he 
had to 


polonium atom over which he had no con- 


borrow nature’s own gun, the 
trol, to fire the atom-smashing projectile. 
He possessed no atomic artillery of suth- 
cient firing power to disrupt atomic nuclei. 
3ut he had not long to wait. The years 
just ahead held in store for him momen- 
tous discoveries and powerful techniques 
because of which man would develop his 
irresistible 


own atomic artillery, far out- 


doing nature’s guns in transmuting the 
elements and in creating multitudes of new 
radioisotopes. 

The years 1932-1934 witnessed a burst 
of discoveries and experimental accom- 
plishments in the field of nuclear science 
The 


the positive electron (or positre m) and the 


that are without parallel. neutron, 
heavy isotope of hydrogen, these three, 
have made the year 1932 famous in funda- 
this year Cock- 
croft and Walton effected the first artificial 


mental discoveries. In 


transmutation of an element. Centering 
around the same year came the high 


voltage generators, or atom-smashing ma- 
chines, notably the Van de Graaffe accel- 
erator and the Lawrence cyclotron. These 
were in answer to man’s quest for atomic 
artillery which would bring the nucleus 
The 


year 1934 was reserved for the epoch- 


within the range of his projectiles. 


making discovery of induced, or artificial, 
radioactivity by Irene-Curie Joliot and her 


husband. All these developments set off 
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the nuclear 


laboratories of the world which were pro 


researches at fever heat in 
lific beyond dreams. 

The Joliots were studying the effect: 
light 
aluminum and boron with alpha particles, 


of bombarding elements including 
when they observed that the bombarded 
radiations 
The 


experiment 


substance continued to emit 


even after the bombardment ceased. 
radiations were identified by 
as positrons. What happened, in the case 
of boron for example, may be described as 
follows. The alpha particle, entering the 


boron nucleus, effected a transmutation 


13 


into an isotope of nitrogen N'™ and a 


neutron. This is known as an (a,n) 
reaction (alpha goes into nucleus, neutron 


The 


active, emitting positrons, and following 


comes out). nitrogen was radio 


the exponential law of decay, the decay 
curve being of the same form as those for 
The half-life 


he newly dis 


natural radioactive bodies. 
about 10 


covered positron now comes on the scene. 


was minutes. 


The positron appears to be identical in 


mass and charge with the negative elec 


tron, the charge being reversed in sign 


But its life is fleeting; it enjoys no per 
manent existence. At the first opportunity, 


it combines with an electron in an act of 


annihilation of both particles, their masses 


going over into two gamma ray photons 
These gamma rays are to be reckoned with 
in the presence of positron emitters. The 


inverse process also occurs, namely, the 
conversion of a gamma ray photon into ai 
electron pair (an electron and a positron ), 
an instance of the materialization of energy 


These processes are based on the intercon 


vertibility of mass and energy as formu 
lated by Einstein (Mc?=!] where M 
denotes the mass, c the velocity of light and 


E the 


positron emission, the positron 


energy). In disintegrations witl 
carries 
away a positive unit of charge, reducing 


the atomic number by one, but because of 


its negligible mass it does not alter the 


Hence, the emission of a 


N18 


nitrogen into an isotope of carbon, C™ 


atomic weight. 


positron from would transmute the 
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which is stable. The Joliots confirmed this 
reaction by chemical tests. By bombard- 
ing aluminum with alphas, they produced 
radioactive phosphorus 30 and by similar 
treatment of magnesium, they produced 
radioactive aluminum 28. This was the 
beginning of artificial radioactivity; a 
radioactivity that could be controlled. 
Nuclear reactions involved in the discovery 
of artificial radioactivity by the Joliots are 
given below: 

5B!° + ,Het > (,N14) + .N?8 + on! 

givtt > Cis eo - T=99 min. 
gAl?* + Het = Co) — — + 


gh > got? + eo) =T=25 min. 


These are typical equations in nuclear 
physics. The superscript at the right of 
the symbol denotes the mass number 
(approximate atomic weight) and the sub- 
script at the left, the atomic number (nu- 
clear charge). The mass number may be 
defined as the number of nucleons in the 
nucleus. 

Radioisotopes may be created by a great 
variety of reactions, but they are all of a 
similar pattern. A particle enters the 
nucleus; the compound nucleus thus 
formed is in an excited state and imme- 
diately ejects another particle or a gamma 
photon; the final or product nucleus be- 
comes an isotope of the parent or of a 
different element. These atom-smashing 
processes became possible on a large scale 
in the 1930’s thanks to the big atomic guns 
and the projectiles at hand. The projec- 
tiles used are the proton, the helium ion, 
the deuteron and the neutron, while even 
gamma-ray photons and high speed elec- 
trons sometimes effect transmutations. 
The deuteron is a projectile we have not 
described. It is the nucleus of the heavy 
isotope of hydrogen of mass 2. It is com- 
posed of one proton and one neutron 
closely bound together and it is a very 
potent atomic missile. 

One has only to consult a recent table 
of isotopes, such as Seaborg’s, to be im- 
pressed with the well-nigh staggering 
wealth of information now available on the 
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hundreds of radioisotopes of the ninety 
some chemical elements and on the nuclear 
reactions which produce them. The 
merest enumeration of the more common 
types of reactions, with a few examples, 
must suffice. 

The more common types of nuclear re- 
actions which produce isotopes are given 
in the following tabulated form: 

Transmutations induced by alpha particles 
(a,p) Type; alpha enters nucleus, proton escapes 
(an) Type; alpha enters nucleus, neutron escapes 

Transmutations induced by protons 


(p,a) Type; proton enters nucleus, alpha escapes 

(pn) Type; proton enters -neucleus, neutron 
escapes 

(p,y) Type; proton enters nucleus, photon emit- 
ted 


Transmutations induced by deuterons 


(da) Type; deuteron enters nucleus, alpha 


escapes 
(dp) Type; deuteron enters nucleus, proton 
escapes 
(dn) Type; deuteron enters nucleus, neutron 
escapes 


Transmutations induced by photons (photo- 
disintegration) 


(yn) Type; photon enters nucleus, neutron 
escapes 
Transmutations induced by neutrons 


(n,y) Type; neutron enters nucleus, photon 


escapes 

(na) Type; neutron enters nucleus, alpha 
escapes 

(np) Type; neutron enters nucleus, proton 
escapes 


In the (a,p) reaction, the alpha pene- 
trates the nucleus, which then becomes 
unstable, ejects a proton, and is transmuted 
into an element 3 units heavier than the 
original atom and 1 unit greater in atomic 
number, according to the Displacement 
Law. These isotopes are usually stable 
and the alpha-p reaction is therefore of 
little consequence in producing radioiso- 
topes. It is the reaction in Rutherford’s 
historic experiment to which we _ have 
alluded wherein nitrogen was transmuted 
into oxygen. The (a,n) reactions com- 
prise those in which the impinging alpha 
is momentarily captured, an intermediate 
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nucleus being formed which breaks up with 
the emission of a neutron and is thereby 
transformed into an element displaced 2 
units up in the periodic table with a gain 
of 3 units of mass. This reaction is also 
of historic importance in that it led to the 
discovery of both the neutron and, as we 
have already noted, artificial radioactivity. 
Several investigators had observed that 
beryllium under alpha bombardment gives 
rise to a very penetrating type of radiation. 
3v a brilliant interpretation of the data, 
Chadwick in England showed this radia- 
tion to be composed of fast particles, of the 
size of protons but without charge, whose 
existence in nature had previously escaped 
recognition. Thus was discovered the 
neutron. The residual nucleus was stable 
carbon 12. Incidentally, the alpha-n re- 
action has provided a convenient source of 
neutrons of much value in many nuclear 
investigations—beryllium enclosed in a 
capsule with radon which supplies the 
alphas. 

Since the ratio of the number of protons 
to neutrons composing a nucleus is a 
determining factor of stability, the (a,n) 
reaction is more favorable to the produc- 
tion of radioactive isotopes than is the 
(ap) type. Because of its two units of 
positive charge, the alpha-particle (except 
for the so-called resonance possibilities 
based on quantum mechanics considera- 
tions) meets with exceedingly strong re- 
pulsive forces as it approaches the highly 
charged nucleus and therefore has not been 
effective in disintegrating the heavier 
elements. 

Transmutations induced by protons, as 
above indicated, include the (p,a) (proton 
goes in, alpha comes out), the (p.n) 
(proton in, neutron out), and the (p.y) 
(proton in, gamma ray out). The (p,n) 
is the most frequent and most interesting 
of these reactions. The incident proton 
(from the cyclotron, for example) has 
acquired sufficient energy to surmount the 
potential barrier surrounding the nucleus. 
The nucleus captures the proton and parts 
with a neutron. In this exchange of 
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neutron for proton, the atom has not 
changed its mass number but has acquired 
an additional unit of charge, which ad- 
vances it one place up in the atomic chart. 
Here then we have two atoms of the same 
weight but differing in atomic number by 
one unit. Such atoms are known as 
isobars. Now, isobars differing by only 
one unit of charge are not generally found 
in nature; that is, they are not stable. 
Isobars of charge difference of two units 
occur in nature in stable form. The prod- 
uct nucleus produced in the (p,n) disinte- 
gration is therefore usually radioactive. It 
is most always a positron emitter, thus 
decaying back into a stable isotope of the 
original element. It may also decay 
through the emission of an electron, in 
which event the atomic number takes 
another jump of one unit, making a total 
of two jumps, and we then have an isobar 
which is stable. 

One (p,a) transformation should come 
within our discussion because of its his- 
toric interest and the enormous evolution 
of energy. Cockcroft and Walton in 
1932, as we have mentioned, were the first 
to succeed in disintegrating an element 
(lithium) by artificially propelled particles. 
Protons accelerated by only a few hundred 
thousand volts proved adequate. The 
proton was captured by the Li‘ isotope, a 
compound nucleus of Be* resulted; this 
instantly broke up into two helium nuclei 
whose kinetic energies equalled 17.3 Mev. 

May we digress for a moment to define 
our units. The unit*of energy most com- 
monly employed in nuclear reactions is the 
electron volt, abbreviated 1 ev. It may be 
defined as the energy which one electron 
would acquire in falling through a potential 
difference of one volt. It comes out that 
in absolute units of energy one electron 
volt is equal to 1.610" ergs. The larger 
unit is one million electron volts, desig- 
nated as 1 Mev. These are energy units 
but we know that mass and energy are 
convertible one into the other according to 
Einstein’s principle of the equivalence of 
mass and energy: Mc*=E. This means 
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that we may find the equivalence of 1 Mev 
in grams of mass by dividing 1.6 10° 
(the number of ergs in 1 Mev) by 910°? 
(the square of the speed of light). 

Here, let us account for the origin of the 
17.3 Mev which appears on the disintegra- 
tion of Li’. To do so, we shall draw up a 
balance sheet in mass and energy using 
masses of the atoms determined by means 
of the mass spectograph. 

/H!+, Li? ( Be’) >,Het+,He!+Q (17.3 Mev) 
1.00813+-7.01784 mass units 4.00386+-4.00386 


= 8.02597 mass units ==8.00772 mass units 


8.02597 —8.00772=0.01825 mass units 
lost or annihilated. The 17.3 Mev of 
energy is equivalent to the mass which dis- 
appeared by the Mc?=E relationship. 
This gives us a balance sheet in mass. 

The bombardment of nuclei by deuterons 
is productive of many disintegrations and 
radioisotopes. As a projectile in atom 
smashing the deuteron is favored for sev- 
eral reasons. Its large positive packing 
fraction is conducive to energetic reactions 
Secause of resonance effects, on the wave 
mechanics theory, the deuteron may make 
its way into a nucleus at lower energies 
than Coulomb repulsions demand.  Fur- 
thermore, since it is a composite of a 
proton and neutron, a sort of dumbbell 
structure, the deuteron may more easily 
gain admission in presenting the neutron 
end of the dumbbell as it nears a nucleus ; 
whereupon the neutron, being without 
charge, suffers no repulsion, is accepted by 
the nucleus, while the’ proton becomes dis- 
engaged and goes on its way unabsorbed. 
This is the picture presented by the Oppen- 
heimer-Phillips theory. Intense deuteron 
beams are supplied by cyclotrons. 

We have three principal types of reac- 
tions (dja), (d,p), (dn) meaning that in 
disintegrations by deuterons, there is 
ejected an alpha, or a proton or a neutron. 
Gamma rays are associated with some re- 
actions. Radioisotopes thus formed decay 
with the emission of positrons or electrons. 
Deuteron impact on deuteron induces both 


(dp) and (dn) reactions. The product 
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of one is hydrogen 3, hydrogen isotope of 
triple mass, which is radioactive, half-life 
about 12 years; while the other yields a 
rare, stable isotope of helium of mass 3 and 
at the same time provides a source of 
neutrons at low bombarding energies. Of 
more interest perhaps may be mentioned 
two more (d,p)_ disintegrations. Red 
phosphorus 31 under deuteron bombard- 
ment goes over into the well known radio 
isotope P%*, of 14.3 days half-life, which 
decays with beta emissions into stable 
sulphur 32. And the rare stable isotope, 
C'™, under similar treatment converts into 
the also well known radioisotope, C', of 
some 5,000 years half-life. This is also 
beta emitting, the end product being stable 
N'*. These reactions are shown below. 


Deuteron-induced Transmutations 
(d,p) and (d,n) types 


/H? + ,H? > ,H?+,H'+Q 
,H® > ,He* + _,e° T=about 12 yr. 
HH? + ,H? » He* + .n' +Q 
— + = «> Ps + a 
Pn ~ we + .,¢ T = 14.3 day. 

te + ,H? => ,Ci4 + ,H! 
ect > oa + ..@° T= 5,000 yr. 

Na? + |H? + ,,Na® + ,H! 
1 Na*4 > ,,.Mg*4 + _,e° T=148 hr. 

3ut the bombardment of nuclei by ma- 
terial particles does not constitute the only 
means of disintegration. Atoms may be 
torn apart by pure radiation alone in the 
form of gamma rays. This is known as 
photodisintegration, a nuclear photoelectric 
effect as Chadwick (1935), the discoverer, 
calls it. Gamma ray photons of sufh- 
ciently high energies have caused disinte- 
gration in most of the chemical elements. 
Further possibilities in photodisintegration 
are at hand in the high frequency X-rays, 
or gamma rays, supplied by the betatron 
and similar devices. The reactions are of 
the gamma-neutron (y,n) type; the nu- 
cleus, being irradiated by gamma rays, 
parts with a neutron and yields an isotope 


of the parent element reduced in mass by 
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1 unit. We shall cite only one important 
example. A deuteron irradiated by gamma 
rays is dissociated into a proton and a 
neutron. This is in accord with our theory 
that a deuteron is a doublet of a proton and 
neutron in close union. The interesting 
fact is that the incident gamma ray must 
have an energy of 2.187 Mev in order to 
disrupt the deuteron. 

But when we speak of the energy of 
ganima rays we must, in the language of 
the quantum theory, look upon them as a 
stream of discrete particles of disembodied 
energy, or photons. The energy of each 
photon is given by the product of Planck's 
constant, h, times the frequency of the 
rays f. h times f then expresses the energy 
of a photon in ergs. Here again, if we 
divide hf by c?, we convert the photon of 
energy into grams of mass. In all disinte- 
grations, the right and left sides of the 
nuclear equation must show a perfect mass 
balance. 

Now, as we have said, when a photon of 
2.187 Mev strikes a deuteron, it splits it 
into a proton and neutron. Less than this 
threshold energy will not induce the reac- 
tion. Hence, we have a measure of the 
binding energy of the proton and neutron 
forming heavy hydrogen. This in itself 
is information of value. Finally, let us 
strike a balance sheet of mass in this 
transmutation. 


a +hf— ,H? + ,n! 


The masses of the hydrogen isotopes are 
known from mass spectrograph determina- 
tion; the mass equivalent of the gamma 
ray photon is also known. The masses of 
the left side of the nuclear equation add up 
to 2.01707 units, after allowing for the 
kinetic energies of proton and neutron. 
The two end products, the proton and 
neutron, must equal in mass this same 
figure. The accepted mass of the proton 
is 1.00813. To balance the mass the 
neutron must be assigned a mass of 
1.00894. This method of using the mass 
equivalent of the gamma ray photon has 
afforded the most accurate means of meas- 
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uring the mass of the neutron. It may be 
of further interest to note that the reverse 
of this process, the capture of neutrons by 
protons, yields a deuteron plus a gamma 
ray photon, as we might expect; that the 
balance sheet shows this time on the right 
side of the equation the same deficit in 
mass as appeared above on the left side; 
that the deficit is the equivalent of 2.187 
Mev of energy, the same as before; and 
that the gamma rays actually observed for 
slow neutrons were of this definite energy. 

Radioactivity induced by neutrons is in 
many respects the most important type of 
all. The newly discovered neutron was 
seized upon by Fermi and his collaborators 
at the University of Rome around the year 
1934. It proved to be a superior weapon 
for the transmutation of both heavy and 
light atoms. Being a particle devoid of 
electric charge, the neutron encounters no 
repulsive force as it comes in range of the 
nucleus and therefore makes impact or 
entrance with ease. 

We have been avoiding to this point any 
reference to the efficiency of atomic marks- 
manship. We may put the question, How 
big is the bull’s eye, and what percentage 
of the shots score a hit? There is a very 
wide variation, but in every case, it is 
poor marksmanship. As a very rough 
statement covering all types of disintegra- 
tions, we may not be too far wrong by say- 
ing only about one shot in a million makes 
a direct hit on the nucleus. If a reaction 
is very prolific, the nucleus is said to have 
a large cross section. Surprisingly enough, 
the cross section in many cases appears not 
to be a constant but to vary as some 
function of the velocity of the incident 
particle, some times very markedly so. 
For example, the absorption cross section 
of boron is about 1,000 times greater for 
slow neutrons than for fast ones; and the 
cross-section of cadmium for neutrons is 
some 40,000 greater than that of certain 
other elements. Clearly, cross section is 
not to be taken as an area, literally, although 
it is expressed in square centimeters, the 
unit of cross section being known as the 
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“barn” and equal to 10°* cm*. We may 
rather think of it as an expression of the 
probability of capture, or as a measure of 
the yield in a nuclear activation. If we 
know the cross section and the thickness 
of a target we may calculate the number of 
transmuted atoms that will result. Fermi 
was the first to observe that the presence 
of water or paraffin nearby increased the 
number of disintegrations by the incident 
neutrons. The neutrons, making elastic 
collisions with the hydrogen atoms in the 
water and paraffin, were being slowed 
down to a velocity at which the capture 
cross section was much increased and the 
yield was accordingly more prolific. The 
carbon atoms in the uranium-graphite pile, 
as you know, play a role similar to that of 
hydrogen in slowing down the neutrons 
through numerous collisions. By repeated 
elastic collisions with light nuclei, the 
neutrons attain the so-called thermal veloc- 
ity, which is the average velocity of gas 
molecules under standard conditions of 
pressure and temperature, about 1/40 ev 
in energy. Since the uncharged neutron 
has no potential barrier to overcome, it is 
obvious that a slow neutron, which tarries 
longer in the vicinity may be more likely 
to drop into the nucleus. 

Neutrons for many lines of research 
have been provided by such small sources 
as the beryllium-radon ampoule to which 
reference has been made, while beams of 
very high intensities have been available 
for a number of years in cyclotron labora- 
tories. The uranium chain reacting pile, 
however, after five years of phenomenal 
developments, now stands unrivaled as a 
veritable power house of neutron as well 
as other radioactive energies. 

We shall speak very briefly of the 
neutron-induced radioisotopes produced in 
the pile, as outlined in the pamphlet 
entitled “Radioisotopes,” distributed by the 
Isotopes Branch, United States Atomic 
Energy Commission, Oak Ridge, Tennes- 
see, from which I should like to quote: 
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‘“Neutron-induced radioisotopes produc- 
ible in the pile are formed by (1) simple 
neutron absorption, (n,y) reaction, yield- 
ing a radioactive isotope of the parent ele- 
ment, (2) transmutation, (n,p) or (n,a) 
reactions, yielding radioisotopes which 
differ chemically from their parents, and 
(3) (n,y) reaction followed by a decay 
chain, yielding radioactive daughters non- 
isotopic with the target element.” 

In the (n,y) process the neutron is 
simply captured by the nucleus. Any 
excess energy is carried away by the 
gamma ray photon. Gamma rays are evi- 
dences of energy levels existing in the 
nucleus itseli—they are indeed the measure 
of the differences of energy between two 
levels. The nucleus on capturing the 
neutron is lifted to a higher energy level 
and it is able to settle down to a normal 
level by relieving itself of a gamma photon. 
Simple capture is thus most likely to occur 
if the energy offered by the incident neu- 
tron corresponds to the difference between 
two energy levels of the residual compound 
nucleus—a case of resonance. The nucleus 
becomes an isotope of the parent element, 
one mass unit heavier. On emitting an 
electron, it is transformed into an element 
one unit higher in the periodic table. We 
give one case as an instance of nuclear 
isomerism. Bromine of mass 79, absorb- 
ing neutrons, turns into radiobromine of 
mass 80, which decays with two half-lives; 
in other words, it emits beta particles of 
two different periods, 18 minutes and 4.4 
hours, respectively. These two isotopes of 

3r8° are said to be isomeric. Nuclear 
isomers are identical in all respects except 
that one nucleus is at a higher energy level 
than the other. The two bromine isomers 
disintegrate each into the element krypton, 
the one by the expulsion of an electron 
directly from an excited or metastable 
state, the other by two stages—the emis- 
sion of a gamma ray which brings to the 
ground level, followed by an electron. See 
reactions below. 
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A Case of Nuclear Isomerism 
The two Nuclears Isomers of Bromine 80 
gg br?® + ,n! > ,.Br8° + hf 
1g bre? > , Kr8o 4+ _e° T=18 min. 
Bre? > Kre + 9 T= 44 hr. 
Under the (n,p) process will be cited 
only the transmutation yielding carbon 14, 
which results from neutron bombardment 
of the ordinary stable nitrogen 14, and 
which reverts to nitrogen 14 through an 
electron decay period of about 5,000 years 
as shown below. 


N+ n> C44 HI+Q 
gcit > N+ _,e° T=about 5,000 yr. 
This you will note is the second method 
mentioned for the production of this same 
isotope. It should be pointed out that there 
is often a number of known reactions which 
yield identically the same radioisotope. 

In illustration of the third or (n,y) type 
of neutron-induced activity, which is fol- 
lowed by a decay chain, we may outline a 
reaction in which plutonium is produced 
from uranium. The U*** absorbs a neu- 
tron, thus becoming U*** by the process 
known as radiative capture, meaning that 
the U8® returns from an excited to ground 
level through the emission of a gamnia 
photon. The U*® ejects an electron, 
transmuting into neptunium 239, half-life 
23 minutes; neptunium in turn emits an 
electron, disintegrating into plutonium 239, 
half-life 2.3 days.. Plutonium is an alpha 
emitter of half-period about 25,000 years, 
converting back to U***. These reactions 


are as follows: 


U23s + om? a= Pm + hf 


aw _ on™ + < T = 23 min. 
ogNP ad wer +c T =2.3 days. 


ogF 739 — .,U235 + Het ~ = about 25,000 yr. 

There is an additional type of radioactive 
change of considerable importance. It is 
known as K-electron capture. The elec- 
trons in the innermost planetary orbits, or 
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K-sheils, in their incursions near the 
nucleus are sometimes pulled in and cap- 
tured. The captured electron is believed to 
unite with a proton, converting it into a 
neutron. The nucleus is thus reduced in 
positive charge by one unit and is trans- 
formed into an element one place lower in 
the table. The same transmutation would 
be produced by the emission of a positron, 
again converting a proton to a neutron. 
The energy difference between parent and 
daughter atom appears to determine which 
of the alternative processes will be favored. 
Just as positron emission probably changes 
a proton into a neutron, so does an electron 
emission convert a neutron into a positron, 
on the theory of the so-called “exchange 
reactions” between nucleons. 

3eta emission has presented one of the 
most challenging problems in nuclear re- 
search. These swift beta particles which 
come from a given nucleus are not all of 
the same velocity or energy, nor do they 
fall into several groups of distinct energies, 
as do the alpha particles, but the betas 
display a continuous Spread or distribution 
in energy extending from lower to a maxi- 
mum limit. The plot of this energy dis- 
tribution resembles a bell-shaped proba- 
bility curve. Why should they not be pos- 
sessed all of the maximum energy, or of 
a number of definite, discrete energies 
corresponding to energy levels known to 
exist in the nucleus? A violation of the 
law of conservation of energy is implied. 
To meet the dilemma, another particle was 
hypothecated by Pauli some years ago, the 
neutrino (little neutron), of very small 
mass and zero charge. It is believed to be 
created in the nucleus at the same instant 
as a beta particle. The neutrino and beta 
particle divide the energy of disintegration 
between them, according to the law of 
probability, the neutrino carrying away the 
missing energy. The laws of both energy 
and angular momentum would be thus con- 
served. Evidence for the existence of the 
neutrino appears thus far to be rather in- 
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direct and theoretical though some experi- 
mental support has been claimed by several 
investigators. The fact of interest for our 
purpose is that radioisotopes yield a con- 
tinuous spectrum of beta energies. (Sharp 
line beta spectra are also observed in some 
cases. They are caused by planetary elec- 
trons which have been driven from their 
orbits by gamma photons coming out of the 
nucleus. The photons impart their dis- 
crete energies to these electrons. The 
electrons thus appear as beta particles 
endowed with definite velocities and form 
sharp line instead of continuous spectra. 
This is known as internal conversion.) — 

On comparing natural and artificial 
radioactivity, one notes some significant 
differences. The half-life periods of arti- 
ficial radioisotopes are for the most part 
of the order of seconds, minutes, hours, and 
days; of a few years for a small number, 
and some thousands of years for several. 
While short half-lives also abound among 
the natural radioelements, an appreciable 
percentage are of the order of billions of 
years. In natural radioactivity, alpha 
emission is much in evidence while in arti- 
ficial activity this phenomenon is_ con- 
spicuous by its absence. Transmutations 
proceed by the emission of alpha particles 
and negative electrons in natural radioele- 
ments and by the emission of negative and 
positive electrons in the artificial ones. 
Gamma rays are often associated with 
these disintegrations in both classes of 
isotopes. Transmutation by K-electron 
capture is confined, almost exclusively to 
artificial activity. 

A discussion of reactions induced by 
neutrons would be incomplete without 
some attention to nuclear fission and the 
uranium fission pile. Prior to 1939 in alli 
known disintegrations one of the frag- 
ments was always very small, never heavier 
than an alpha particle. But in 1939 Hahn 
and Strassmann working in Berlin an- 
nounced the startling discovery that ura- 
nium under neutron impact splits asunder 
into two different elements of about equal 
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size with the release of enormous energy. 
The uranium atom had been fissioned into 
a pair of elements which belong to the 
middle portion of the periodic table, barium 
and krypton, for example. Many other 
pairs in this general region of the table 
resulted from fission. The origin of the 
energy is in the annihilation of matter. 
The fragments of the fission weigh slightly 
less than the original uranium atom. The 
loss amounts to about one-fifth the mass of 
a proton. This annihilated mass appears 
as energy, about 200 Mev per fission, in 
conformity to the Einstein relation: 
Mc?=Energy. 

A better understanding of the basis of 
these mass-energy transformations is 
afforded by a study of the so-called pack- 
ing fraction curve which indicates the 
mass losses in the protons and neutrons 
due to the relatively close and compact 
manner in which they are bound together 
in the nucleus. Elements which occupy 
high points on the curve are generally less 
stable than those on the lower points. 
Uranium lies high on the curve, barium 
and krypton low. This means that in 
splitting uranium into barium and krypton 
there has been an annihilation of matter 
which appears as the burst of energy mani- 
fested on fission. 

If fission were all, the phenomenon 
would perhaps be just another interesting 
nuclear reaction. <A lithium atom (in the 
Cockcroft-Walton Experiment) struck by 
a proton goes over into two alpha particles 
with a relatively larger energy yield than 
is produced in uranium fission, but because 
of the exceedingly small number of hits in 
atomic marksmanship, the cost of the 
operation outweighs the gain. But with 
each uranium fission there is liberated one 
to several extra, high speed neutrons. 
These make possible chain reaction on 
which the operation of the pile and the 
detonation of the bomb depend. Of the 
two principal isotopes of uranium, U*” 
and U*88, U*®° comprises less than one per 
cent of natural uranium but it is the isotope 
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which is susceptible to fission. The stu- 


pendous task of separating these isotopes 
is not relevant to our discussion. 

The most cursory discussion of uranium 
fission brings up again the effect of capture 
cross section. The U** has large cross 
section for slow neutrons, varying some- 
what inversely with the neutron velocity. 
Since the neutrons emerge on fission with 
very high velocities, a slowing down proc- 
ess is required to render them effective in 
cleaving other uranium nuclei, so that 
self-perpetuating chain reactions may be 
sustained or multiplied. Substances which 
perform this function are called moder- 
ators—graphite in the conventional pile, 
because of the relatively small mass of the 
carbon atom. For it is a well-known law 
in ballistic that a moving body in colliding 
with another is slowed down most when 
the two impacting bodies are approxi- 


mately of the same size. But the more 


abundant U5 


neutrons of certain speeds, a particularly 


isotope has an avidity for 


high so-called resonance absorption for 
those with energies around 25 ev without, 
however, undergoing fission. In order to 
bring the neutrons down to low or thermal 
speeds (about 1/40 ev) and at the saine 
time prevent their capture by U***, the 
fresh neutrons are permitted to enter the 
graphite of the pile. After numerous col- 
lisions with the carbon atoms, a sufficient 
number of slow neutrons make their devi- 
ous ways back to the uranium and in turn 
split other U**5 atoms. By cyclic repeti- 
tions of these processes, which are kept 
under control, the pile continues to be 
activated. In comparison with all other 
sources of neutrons, the numbers produced 
in the pile are enormous. Substances 
introduced into the pile and subjected to 
intense neutron irradiation have yielded 
the abundance and variety of radioisotopes 
which are now being made available to 
research. (The cyclotron, however, is still 
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the only source of a considerable number of 
radioisotopes. ) 

Today we undoubtedly look out upon 
rapidly expanding frontiers in nuclear 
science. One learns of impending develop- 
ments in the chain reacting pile, of a new 
type of atomic energy plant called the fast 
reactor in which plutonium replaces ura- 
mum as a fuel and in which the mod- 
erator is dispensed with because plu- 
tonium is fissionable by fast neutrons, of 
huge cyclotrons at work and under con- 
struction, of more powerful betatrons, of 
synchrotrons, of accelerators of novel and 
improved designs—of a general advance 
toward attaining in the laboratory energies 
comparable with those encountered in 
cosmic rays. The 184-inch Berkeley cyclo- 
tron swung into operation in recent months 
has stepped up the firing power of deu- 
terons to 200 Mev and of helium ions to 
400 Mev. These high energy particles on 
striking the nuclei of atoms are yielding 
almost a bewildering mass of results. Dis- 
integrations quite different from those of 
low energy activities appear ; the picture of 
the intermediate compound nucleus no 
longer suffices; the struck nuclei become 
transparent to some projectiles and are 
shattered into a number of atomic frag- 
ments by others. We may be at the 
threshold of understanding the structure of 
the component particles of the nucleus and 
of the forces which bind them together. 
One feels safe in the prediction that within 
the years immediately ahead a paper such 
as this will have many important advances 
to recount. 
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A PHILOSOPHY FOR SCIENCE 
EDUCATION TODAY 
0 individual can escape the problems 

N of living in the environment in which 
he finds himself. This environment in- 
volves a continuous struggle with natural 
forces that are, in major part, physical and 
biological. Biologically the individual must 
have food. This he must raise or buy. If 
he raises it, he is confronted with insect 
pests, eroding soils, climatic conditions, 
hereditary factors in seeds and seedlings, 
trace elements in soil fertilizers, and numer- 
ous other difficulties. If he buys it, he is 
dependent upon the solving of these diff- 
culties through the abilities of other grow- 
ers. In like manner, his daily health and 
vitality are dependent on his capacity, or 
that of the community of which he is a part, 
to cope with such problems as fighting con- 
tagious diseases, finding ways of securing 
a pure water supply, disposing of sewage 
and garbage, and achieving consumer per- 
spective on methods of evaluating numer- 
ous health services and propaganda. 

Apparently science must play an expand- 
ing role in living today. Each individual 
must appreciate what science really is and 
how important it is for one to learn to ap- 
ply scientific method and procedure to daily 
living. 

THE SCIENCE FRONT IS EVER-GROWING 

The impacts of science upon the indi- 
vidual are increasing, for the science front 
is ever-growing. What was new yesterday 
is out-dated today. Continuous scientific 
research and development bring changes 
in living that are spectacular and almost 
phenomenal. With these developments 
come new points of view, new applications 
to daily living, the need for changes in 


legislative procedures, and the necessity 
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for developing the “know how” of living 
with and operating automobiles, radios, 
television sets, and airplanes. Consumers 
are confronted with new synthetic dye stuffs, 
rayon, nylon, silicones, neoprene, refriger- 
ants, and lubricants unheard of five years 
ago. 

It will soon be possible to build a home 
with fireproof and waterproof materials, ex- 
terior walls of glass, interior walls of ply- 
wood and plastic panels, interior surfaces 
that are unbreakable and scratch proof, 
stainless plumbing fixtures of molded plas- 
tics, sound-proof walls, floors, and ceil- 
ings, solar and other types of radiant heat- 
ing units, and windows which may permit 
outward but not inward vision. Hence, 
sach individual must have basic understand- 
ings of the science principles and concepts 
that are related to these “gadgets” which 
stem from laboratories engaged in scien- 
tific research. 


SCIENCE FOR DEFENSE 


The militarists, legislators, and the pub- 
lic at large are divided on what consti- 
tutes adequate defense against the possi- 
bility of World War III. Radar science 
played a major role in saving England in 
World War II. Much of a nation’s strength 
in modern warfaré lies in its ability to har- 
ness speedily and effectively the talent of 
those who are engaged in scientific research. 
[In like manner, it is pointed out that Hitler 
came very close to being first in the pro- 
duction of atomic bombs. Had he suc- 
ceeded in unleashing such terrifying weap- 
ons upon England, concurrent with the fall 
of France, he might have brought the entire 
world under his domination in short order. 

It may be pointed out, too, that our 
atomic scientists were responsible for de- 
veloping the weapons which made it pos- 
sible to terminate World War II so speedily. 
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Hence, one of the first lines of defense lies 
in discovering science talent, in safeguard- 
ing it, and in increasing its flow. The quan- 
tity and quality of science teaching in the 
United States are vital if we are to cope 
with conditions which may quickly upset 
the peace of the world. 
THE CONSERVATION CRISIS 

No greater crisis :vlated to science edu- 
cation exists than that pertaining to the 
growing shortage of our natural resources. 
In the April (1948) issue of Reader's 
Digest, in the article entitled “Too Many 
People,” it is dramatically shown that 2.5 
acres of land are required for the feeding of 
each person in the world. Actually only 
1.77 acres per person exists. Hence, world- 
wide starvation of people is inevitable; it 
can be reduced through desirable conserva- 
tion practices, 

America’s most precious natural resource 
is its soil, When men first farmed, the 
U. S. had an average of over nine inches 
of fertile topsoil in which to plant their 
crops ; but in 200 years of careless farming, 
the top three inches have been allowed to 
wash away. The new six-inch average for 
the U. S. means that huge areas are now 
completely bare of topsoil. 

There is great need for scientific literacy 
on conservation problems. Either we de- 
velop citizens who will endorse desirable 
federal, state, and local conservation meas- 
ures, or starvation will occur in quanti- 
ties far beyond those indicated in the April 
issue of Reader’s Digest. 


TODAY'S PROBLEMS CAN BE SOLVED 


Many problems facing the world can and 
will be solved by scientific procedure. 
Thinking people can be trained to solve 
problems by developing skill in using “the 
scientific method.” That is, they can be 
trained to gather sufficient evidence and 
data relative to problems which they face 
as individuals and as members of a society ; 
they can be trained to draw conclusions 
in terms of objective evidence; and they 
can be acquainted with the underlying sci- 
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entific facts, principles, and concepts that 
are related to living in the Scientific Age. 
When people have this kind of training we 
can look forward to more clearly defined 
national policies, desirable legislation, and 
a society geared to the promotion of better 
living for all people. 


OBJECTIVES OF THE SCIENCE PROGRAM 


In light of the foregoing presentation it 
is apparent that objectives in science educa- 
tion must be redefined if we are to train 
people to be sufficiently literate in science. 
Hence, the science program should be di- 
rected towards : 

1. Emphasizing the underlying facts, 
principles, and concepts that are re- 
lated to living in the Scientific Age. 

2. Alerting people to the hazards to 
human welfare that are resulting 
from shrinking natural resources. 

3. Acquainting people with desirable 
health practices, procedures, and 
techniques in evaluating medical 
services. 

4. Finding opportunities to direct 
basic science content towards inter- 
group education. 

5. Improving international relations. 

6. Encouraging pupils to pursue sci- 
ence hobbies. 


NI 


Training pupils in the “know how” 
for operating simple machines, gad- 
gets, motors, and appliances related 
to everyday living. 

8. Discovering and increasing the flow 
of science talented youth. 


S 


IENCE EPISODES IN THE CLEVELAND 


~~ 


PUBLIC SCHOOLS 
At the Elementary Level 

The foregoing objectives for science edu- 
cation are receiving emphasis in the train- 
ing of pupils in the Cleveland Public 
Schools. There are many examples that 
can be cited. For example, science in the 
elementary school does not consist in talking 
about the things of science, but actually in 
using materials in experimenting, and in 
making first-hand observations. If a visitor 
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were to step into a fifth grade science class, 
he might hear such statements as “Ma- 
sasier,” or “Can you 
From the many materials in the 


chines make work 
prove it?” 
room, the children observe and demonstrate 
how work can be done with levers, pulleys, 
and inclined planes. By means of a scale 
they can be observed to be giving quantita- 
tively the mechanical advantage of an in- 
clined plane or pulley. 

Again pupils in a third grade class might 
be studying thermometers. In such a room 
many types of thermometers might be on 
display. Here the children will be exam- 
ining thermometers that are used in ovens, 
in candy-making, and in refrigerators. An- 
other demonstration might consist of tak- 
ing outdoor temperatures at 9:00 a.m., 
12:00 noon, and 3:00 p. m. 


tacts, 


From such 


children draw conclusions about 
changes in temperature during the day. In 
many such situations pupils develop skill 
in learning to apply scientific method. 
Another example of how pupils learn by 
experimentation and observation could be 
observed in the fifth grade. In such classes 
pupils experiment with the effect of heat 
on solids, liquids, and gases. From ex- 
perimentation, pupils observe that heat ex- 
pands solids, liquids, and gases. This prin- 
ciple is frequently demonstrated with a 
The 


the opening of a flask. 


balloon. balloon is stretched over 
The flask is placed 
on a hot plate, and its expansion is noted. 

Children are taught to try more than one 
experiment before drawing definite con- 
300ks are used to check 


clusions. con- 


clusions. Checking against more than one 
text book is encouraged. 

Radio lessons in elementary science have 
been broadcast since 1930 and have proved 
to be of value to both teachers and chil- 
dren. In the children it has developed the 
habit of close attention and quick response 
to directions. Since the radio script writer 
uses many teaching techniques in the radio 
lesson, it has proved helpful to the teacher 
in acquiring a variety of methods. It is a 
guide, particularly to the new teacher, who 
is not skilled in the techniques of science 
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teaching. From a supervisory standpoi: 


t 
these lessons seem desirable. 

Cleveland offers unusual opportunities 
for science experiences outside the class- 
the 
Museum of Natural History, children have 


room. Through cooperation with 
the opportunity to visit the museum for 
lessons which correlate directly with class- 
room units. The additional visual mate- 
the 
experiences. During the period from Sep- 
1947 to March 1948, 3799 


dren have visited the Museum. 


rials in Museum enrich classroom 


tember chil- 

The Metropolitan Parks furnish ideal 
outdoor laboratories. These parks, how- 
ever, will never serve the schools as well 
as they should until bus transportation is 
furnished. This past year the Museum 
teacher has conducted eight field trips to 
the Parks. It is 
trees, flowers, or birds in the Parks than 


much easier to teach 
in many of the school areas where the only 
tree may be the ailanthus and the only 
To help 
Park 


Protection Ciubs were established several 


birds the sparrow and starling. 
further appreciation of the parks, 
years ago. This year forty-seven schools 
have had clubs in their buildings. 
at the Museum of Natural 
month. The children elect 
and conduct their 
The have 
planned with the conservation theme in 


Repre- 
sentatives meet 
History once a 
officers 


own business 


meetings. programs been 
mind. 

Conservation receives further emphasis 
in connection with Arbor Day. For the 
past two years, trees have been planted 
by pupils in Gordon Park. This year Ar- 
bor Day celebrations will result in trees 
being planted in ten areas about the city. 

The still 


serves as a place for trying out and evalu- 


Science Curriculum Center 


Cleveland teachers 


have an opportunity for visiting and carry- 


ating science units. 
ing away ideas for use in their classrooms. 
Out-of-town visitors can see the develop- 


ment of the science program from the 
kindergarten through the sixth grade. 


Twenty-four out-of-town visitors have ob- 
served at Miles Standish School this year. 
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One visitor wrote in as follows: “Just a 


word to express my heartfelt appreciation 
for making possible a most profitable visit- 
ing day. ... My teachers were more than 
pleased that I h: 
them so many ¢ 


the opportunity to bring 
ideas on science teach- 
ing. We were ali iinpressed with the pro- 
gressiveness of the Cleveland School Sys- 
tem.” Hence, .he Curriculum Center 
serves more than our own community. 


At the Secondary Level 

The re-defined objectives for science 
education are receiving attention at the 
secondary level also. For example, the 
conservation issue is being brought into 
sharp focus in the many biology classes 
that occur daily in the city. Here such 
topics are discussed as soil erosion, strip 
and contour farming, formation of gullies, 
reforestation, and stream pollution. Sci- 
ence museums and conservation museums, 
too, have been created in several of the 
junior and senior high schools. In these 
museums cooperation among the science, 
English, social studies, and art depart- 
ments have contributed to the building of 
exhibits pertaining to propagation of wild 
life, the control of insect pests, restocking 
of streams with fish, protection of bird 
habitats, and the establishment of wild life 
safety zones. 

During the current semester conserva- 
tion emphasis has been made also through 
two series of classroom radio programis: 
a junior high school series entitled “Use 
Wisely and Live,” and a senior high school 
series entitled “Waging War Against 
Waste.” Members of the Board of Di- 
rectors of the Western Reserve Chapter 
of Friends of the Land; Mr. James Chap- 
man, in charge of the Farm Hour on 
WTAM; and Mr. Arthur Sanford, agent 
for the U. S. Soil Conservation Service 
in the greater Cleveland district, have co- 
operated in the preparation of these pro- 
grams. Such programs as “The Code of 
the Hunter,” “The Smoke Nuisance—Air 
Pollution,” “I, the Rat,” “Soil Conserva- 


tion,” and “Harnessing the Waters,” have 
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brought numerous conservation problems 
into sharp focus in science classes through- 
out the city. 

In general science and biology a health 
emphasis occurs in numerous instances. 
Problems of nutrition, body growth and 
development, the improvement of various 
organ systems of the body, and modern 
techniques in first aid are among the ma- 
terials that are commonly taught. New 
experimental materials have been devel- 
oped. 

Two new science units have been devel- 
oped at Lincoln High School, the curricu- 
lum center for the development of mate- 
rials pertinent to the improvement of in- 
ternational relations. A unit entitled “Dis- 


ease 





a Global Matter” has been designed 
to lead biology students to explorations of 
such topics as: “The Extent to Which 
Disease Is a Global Problem,” “Microbe 
Enemies of Civilization,” and “How a 
World Society Combats Disease.” Inter- 
national Water Power possibilities have 
been explored through materials developed 
for use in physics classes. This unit con- 
cerns itself with the great water power 
and conservation projects of the world. 
Developments in water power and poten- 
tial possibilities are explored in reference 
to such projects as: Niagara Falls, Co- 
lumbia Basin, Grand Coulee Dam, China 
Power Project, Jordan River, India Proj- 
ect, U.S.S.R. Project, Mexican, and North 
African. Correlated with these units are 
pertinent bibliographical and visual mate- 


rials. Sound motion pictures such as 
“TVA,” “Norris Dam _ Construction,” 
“Timber Growing Today,” and “Ten 


Thousand Fires,” are included. 

Science materials, with particular em- 
phasis on improvement of intercultural re- 
lations have been developed at both Lincoin 
and Collinwood High Schools. These ma- 
terials have been directed towards breaking 
down superstitions, analyzing propaganda, 
developing accuracy in talking and think- 
ing, applying facts and principles in the 
field of heredity to the improvement of the 


races of mankind, exploring the similari- 


114 





ties in basic structures and life functions 


of plants and animals, recognizing individ- 
ual differences and similarities in humans, 
and evaluating discoveries of scientists of 
terms of their contribu- 
tion to the promotion of healthier and hap- 


all countries in 


pier living among the people of the world. 
The release of a new course of study 
in chemistry and a new text book have 
led to a curriculum emphasis on nuclear 
fission, uranium stock piles, atomic en- 
ergy, new research on synthetics and plas- 
tics, and explorations of fuels and lubri- 
cants. 
tion of 


Significantly, through the coopera- 
the Bureau of Educational Re- 
the the Ohio 
Every Pupil Test in Chemistry has in- 
dicated that Cleveland 
schools are achieving successes far beyond 
With 
the new course in chemistry designed not 
only to prepare pupils for college but also 


search, administration of 


pupils in high 


those indicated in state “norms.” 


to relate the materials more directly to 
daily living, it may be felt that the recent 
test scores indicate the attainment of de- 
sirable goals for the teaching of this sub- 
ject, both from practical and academic 
standpoints. 

The laboratory phase of science teaching 
cannot lag behind classroom approaches. 
During the war it was somewhat impos- 
sible to step up standards for apparatus, 
equipment, and supplies relative to teach- 
ing science through laboratory procedures. 
However, committees are now engaged in 
restudying for 
and supplies pertinent to the teaching of 
general science, biology, physics, chem- 


specifications equipment 


istry, physical science, photography, and 
radio physics. 
only to a modernization of specifications 
for items that have been consistently sup- 
plied to science laboratories, but will bring 
into use such new pieces of equipment 
as: oscilloscopes, cathode ray tubes, sex- 
tants, 
photo-electric cells, new types of volt- 
meters and ammeters, pieces for demon- 


This study will lead not 


atomic models, micro-projectors, 


strating polarization, and electronic ampli- 


fiers and rectifiers. 
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As a step in the direction of further 
democratizing instruction in science - and 
making it possible for pupils of all levels 
of ability to achieve maximum success, 
attempts are being made to gear certain 
materials to low-ability groups. Reading 
materials, in particular, are being explored. 
A committee is at work on evaluating cur- 
rent textual materials from this standpoint. 
Experimental courses, too, are being de- 
veloped for pupils of low ability. 


IN-SERVICE TEACHER TRAINING 


In-service teacher training must con- 
tribute to the ever-growing problem of 
helping science teachers keep up to date 
in a field that is changing rapidly. 
through discussion 
groups, and conventions, methods of aid- 
ing the busy teacher and of giving him a 
speaking acquaintance with the changing 
aspects of science education are, in part, 
achieved. Representation from Cleveland 
on the Cooperative Committee on Science 
and Mathematics Teaching of the Amer- 
ican Association for the Advancement of 
Science has brought to the teacher an 
evaluation of the quantity and quality of 
science teaching in the United States. 

Questions pertinent to teacher certifi- 
cation, the improvement of standards for 
science teachers, explorations of teacher- 
training programs, and the direction of 
teachers to current but pertinent new bib- 
liographical materials have been a major 
Cleveland teachers joined 


Hence, 


teachers meetings, 


contribution. 
with the National Science Teachers Asso- 
ciation and the National Education Associ- 
ation in a summer convention on July 3, 
4, and 5, 1948. 
science problems of national significance, 


Further probings into 


conservation in the greater Cleveland area, 


the work week of the science teacher, 
visual records of elementary science teach- 
ing in the greater Cleveland area, and an 
outlook in science education highlighted 
the convention. 

In like manner, the summer convention 


of the Cleveland Regional Council of Sci- 




















Marcu, 1949] 





ence Teachers which was held at Allegany 
State Park, New York, on June 18, 19 and 
20, 1948, will lead to further explora- 


tions of atomic energy and implications for 
science teaching, and workshop discussions 
of regional and national conservation prob- 
lems and issues. 
WHITHER SCIENCE EDUCATION 

The curriculum in science cannot lag 
behind the impacts of the current social 
scene. The program in science must con- 
tinue to be geared to problems associated 
with living in the world today. With 
scientific discoveries ever-expanding, and 
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with living becoming more and more com- 
plex, the trend towards increasing basic 
understandings in science should continue. 
Stress upon practical science for all pupils, 
but with desirable standards to insure suc- 
cess of gifted pupils, when they enter 
college, will become more and more the 
pattern. With current shortages of science 
talent and the growing opinion that much 
of the Nation’s future strength will lie in 
the quantity and quality of its budding 
scientists, science educators now and in 
the future must make a more diligent 
search for science talent and develop ave- 
nues and channels for increasing its flow. 


CORRELATING PHYSICS WITH SOCIAL STUDIES 


HyMAN RUCHLIS 
Lafayette High School, Brooklyn, New York 


LL teachers willl agree that one of the 
A major problems of the teaching of 
physics, as well as of all science, is to 
establish techniques of correlating the sub- 
ject with other areas. of human learning. 
Perhaps the weakest link in the established 
techniques is the correlation with the social 
studies. . This is indeed surprising when 
one views the world we live in where our 
civilization has been altered enormously by 
the very laws of science which we teach. 
Economics, politics, social relationships 
have been completely revolutionized by the 
application of scientific laws to transporta- 
tion, communication, and industry. Yet 
the physics classroom still does not begin 
to reflect this fact, or to establish it firmly 
in the minds of the pupils we teach. 

With the introduction of atomic energy 
and our entrance into the “atomic era’”’ this 
gap between the science classroom and the 
external world becomes more serious. 
Ways and means must therefore be found 
to bridge the gap and to take serious steps 
to correlate our teaching of science with 
the social studies which examine the effects 
of science on life. 





Here is one particular approach that 
enables the physics teacher to introduce 
such correlation during the study of elec- 
trical energy. 

After a study of the meaning of power 
and its electrical measurement in watts, the 
pupils are asked to check their electric biils 
at home as part of the assignment and to 
bring them into class the next day. During 
the discussion of the rates printed on the 
back of the bill and an explanation of how 
the fuel adjustment and sales tax enter into 
the computation, the teacher directs the 
attention of the class to the actual signifi- 
cance of the rate. A brief discussion on 
electrical energy rates, including the use of 
“yardstick” plants ensues. 

The question is then posed: “How much 
work do you get for a penny’s worth of 
electricity ?”’ 

It is noted that a kilowatt-hour costs 
about 3 cents on the average over the coun- 
try. Then using the facts that 1 horse- 
power equals 746 watts, and that 1 horse- 
power is approximately 7 manpower, it is 
possible to calculate the equivalent electri- 
cal cost of one manpower used for one 
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hour. It turns out that electrical energy 
costing one-third of a cent will do the same 
work as one man working for one hour. 
It is pointed out that it will also cost some- 
thing for purchase and maintenance of the 
electric motor. Even assuming that it 
costs two-thirds of a cent an hour to buy 
and maintain the motor in good working 
order, the fact still remains that if costs 
only about one penny to produce electrical 
energy equivalent to the work of one man 
for an hour. 

What effect does this fact have upon our 
lives? 

At this point the customary replies of 
the pupils reveal an abyssmal ignorance of 
the significance of science in modern life. 
To the majority of pupils the only effect 
they can see is the replacement of man by 
machine with consequent unemployment. 
This feeling that science is responsible for 
unemployment is so widespread that it is 
obvious that as science teachers we have 
not performed our duty of enlightening 
them on the topic. Apparently, science 
teachers throughout the school career of 
these upper-term pupils have failed to dis- 
cuss or even mention this erroneous, yet 
widespread belief. 

It is therefore necessary to deal with this 
belief sooner or later and this point in their 
science education is as good as any to begin. 

It is clear to the class that the incentive 
for replacement of a man’s physical labor 
by a machine is enormous. Mechanical 
energy of the machine is so much cheaper. 
It also seems clear that this process has 
been taking place constantly over the past 
100 years and more, and at an ever increas- 
ing rate. The rapid mechanization of in- 
dustry is explained to a great extent by this 
one simple calculation. 

This process of mechanization and re- 
placement of men by machines has pro- 
gressed so far that it is now possible to see 
the almost complete mechanization of all 
industry at some future date. One of the 
most important effects of the recent ex- 
penditure of 2 billion dollars on atomic 
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energy by the government has been the 
little-heralded advance made in this direc- 
tion.’ For the first time, on a vast scale, 
giant industries have been created that are 
almost completely mechanized. The U235 
plant at Oak Ridge and the plutonium plant 
at Hanford exemplify this process. Simi- 
lar developments are taking place in steel 
mills. 

These are the prototypes of the factories 
of the future. 

Well then, “Would you want to stop this 
process ?” 

The problem of unemployment imme- 
diately raises its ugly head. A large num- 
ber of pupils would rather go back to the 
days before machines than face the prospect 
of unemployment that seems inevitably 
bound up with this process of mechaniza- 
tion. But all is not lost. It is pointed out 
that the use of machines and new sources 
of energy have replaced man’s labor many 
times over in the past 100 years. If that 
is the case, why isn’t 90 per cent of the 
population unemployed ? 

At this point it is fruitful to compare life 
a hundred years ago with life today. The 
average family lived in hovels_ without 
plumbing, water, heat, and light. Incomes 
were so low that it was necessary for all 
members of the family including the mother 
and children to work as income producers 
on farm or factory. Hours of work were 
long, as much as 14 and 16 hours a day. 
Child labor laws of the time specified mini- 
mum of 10 hours or so for young children 
of 8. Wages and other income were ex- 
ceedingly low and barely sufficient for 
purchase of food, even though the entire 
family worked. There were few products 
available for purchase and many of the 
necessities such as clothing had to be pro- 
duced in the home. Education and recre- 
ation were at a low level. Society simply 
could not afford the luxury—today a neces- 
sity—of sending children to school. 

From this description of life a hundred 
years ago it becomes clear to the class that 
the growth of machines and the replace- 
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ment of expensive manpower by 
the 


cheap 


machine-power has had following 
results : 

1. Industry has developed. 

2. New 


Telephones, radios, and automobiles came 


products are manufactured. 
into widespread use. 

3. These products are cheaper to make. 

4. A man producing more with his labor 
can earn a higher wage. 

5. The number of persons working in 
A head of 
the family can now produce enough for all. 


each family has been reduced. 


This frees the mother for other household 
duties and permits the children to advance 
their cultural level through attendance at 
school (a point that usually evokes a laugh 
from pupils who consider their lot unfor- 
tunate in school ). 

6. The trend toward higher wages and 
incomes while products are cheaper to 
produce, raises the standard of living and 
permits improvements in homes, transpor- 
tation and other former luxuries. 

7. Not only has the number of persons 
working per family been reduced, but the 
/ work week has been reduced as well. The 
84 hour week is now down to 40 hours. 
We now hear talk of a 30 hour week. This 
provides more time for constructive leisure 





for the head of the family as well as for 
the mother and children. 

8. Society can allocate some of its ener- 
gies to education, health and other serv- 
ices. Parks, playgrounds, and roads can 
be built. 

All of these have actually occurred in 
the past hundred years. It is clear to the 
class that these enormous benefits are the 
result of the liberation of human power by 
machine power, by the replacement of the 
dollar-an-hour human power by penny- 
an-hour machine power. 

The human power has been replaced, 
but in its stead has come a host of new 
The 


| sons who formerly worked on the farm or 


trades, skills, and professions. per- 


in dismal factories are now working in 





entirely new lines of endeavor, created by 
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the machine. Some drive locomotives and 


trucks. Others repair cars and radios. or 
install telephones. Others are doctors, 
teachers, and lawyers. Still others take 


their place in the stores and warehouses 
Many of these trades require new skills, 
The 


brute force of labor is replaced more and 


greater education, higher learnings. 


more by skill and learning, by the use of 
the the 
machine on our lives. 


brain. These are effects of the 

This is the plus side of the ledger. 
Would the pupils give it up? 

By no means! The vast majority agree 
that they prefer this type of world to the 
one that existed one hundred years ago. 
The minus side of the ledger, the grim 
specter of unemployment thus is viewed in 
proper perspective. The way out is not to 
belittle the machine, not to turn the hands 
of the clock backward by rejecting the 
inevitable and continuous mechanization of 
industry, but to find ways of converting 
unemployment into constructive channels, 
the 


constructive applications mentioned above 


to channel human power into many 


Science is a tool, subject to the uses and 
tools. Would 


knives because they can be used to injure 


abuses of all you outlaw 


a person? Would you reject a machine 
because it might put a man out of work? 
The answer in either case is that the way 
must be found to utilize the tool or ma- 
chine in such a way that it does not cause 
injury, but produces the beneficial results 
we desire. 

Thus the class can clearly see that the 
development of cheap machine power by 
science has been beneficial in the past and 
can be beneficial in the future if society 
utilizes these machines to produce all the 
good things we have enumerated and pre- 
vents the evil unemployment that everyone 
fears. Science has been and will be a boon 
to mankind. Unemployment can be and 
will be licked. It is up to the pupils, as 
citizens of the future to see to it that sci- 


ence, the tool, is utilized properly to make 


our world a better place to live in. 
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With this discussion the pupils can place 
science and mechanization into proper per- 
spective. They are better armed to meet 
the many problems they will face as citi- 
zens after they leave school. The science 
teacher has thus made a contribution to the 
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understanding by the pupils of the part 


science plays in our modern world. Ile 
has thereby cemented the study of science 
with the social studies and achieved the 
aim of correlating his subject with life 
about him. 


SCIENTIFIC INQUIRY IN HIGH SCHOOL SCIENCE BOOKS * 


RicuHarp H. LAMPKIN 


State Teachers College, Upper Montclair, New Jersey 


yee scene of a current “shaggy” story is 
the office of a noted psychiatrist. The 
nurse bustled into the treatment room and 
exclaimed, “Doctor, there’s a woman in 
the reception room whom you should see 
at once.” 

“Has she an appointment ?” 

“No, doctor, but there'll be no one left 
who has if you don’t get rid of that os- 
trich.” 

“Ostrich ?” 

“Yes, doctor, she brought an ostrich 
with her and he’s scaring everybody half 
to death.” 

“For heaven’s sake, bring her in!” 

The psychiatrist stared speculatively at 
the overdressed blonde who entered with 
her feathered, two-toed companion. “Sit 
down, madam, and tell me what’s wrong 
with you.” 

“Nothing is wrong with me, doctor. 
The trouble is with my husband. He 
thinks he’s an ostrich.” (1) 


SCIENTIFIC INQUIRY AS AN OBJECTIVE 
OF EDUCATION 


The force of this story depends on ask- 
ing the question, “How do you know?” 
Understanding the story is no less diffi- 
cult than comprehending scientific inquiry, 
that is, the process by which dependable 
knowledge is acquired. As an objective of 
science education, scientific inquiry has 

* Paper presented during Twenty-first Confer- 
ence on the Education of Teachers in Science, 
at Teachers College, Columbia University, No- 
vember 14-15, 1947. 





been stressed by various yearbooks and 
committee reports, well known to all of 
us. But it is a goal of general education 
as well. 

We are familiar with John Dewey’s 
evangelizing, over the last forty years, for 
the scientific method. Some may not have 
realized that in this emphasis Dewey was 
anticipated by various people. For exam- 
ple, at least seven years before the first 
edition of How We Think, the English 
educator Armstrong was urging scientific 
inquiry as the central motive of education 
especially in the elementary school.(2) 


PLACE OF THE TEXTBOOK IN TEACHING 

How may scientific inquiry and other 
objectives of education be achieved? Prob- 
ably students’ relations with teachers con- 
stitute the most important means. But 
many educators feel that the textbook 
often determines the scope, sequence, and 
method of instruction. 


A PARTICULAR STUDY OF TEXTBOOKS: 
GENERAL PROBLEMS 

Because of the admittedly great influence 
of textbooks on classroom activities, it 
seemed worthwhile to undertake a study of 
scientific inquiry as it appeared in selected 
high school science textbooks. The general 
problem involved subsidiary problems as 
indicated below.* 

* At the author’s request, a portion of this 
paper as presented to the Conference has been 
deleted in order to avoid duplication of substan- 
tially the same material in “Variability in Recog- 
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AN IMPLICATION: TEACHERS KNOW 
SCIENTIFIC INQUIRY ONLY PARTIALLY 


From those selected findings which have 
been presented in the February article, 
there are certain implications. In_ this 
study the readers were asked to bracket 
those passages which were related to sci- 
entific inquiry, not to bracket those which 
were unrelated. A semanticist would say 
then that the readers had been asked to 
define extensionally their concepts of scien- 
tific inquiry. Further, he would say that 
the readers’ failure to agree on such brack- 
eting meant that the readers entertained 
different concepts of scientific inquiry. 

It was decided not to attempt separating 
out from these data the patterns of thought 
of individual readers and textbooks. If 
such a separation could be achieved, how- 
ever, it seems likely that some elements 
in the patterns would be questionable. 
Probably an important idea would be miss- 
ing, or a fallacy would be present. Inde- 
pendent studies of certain textbooks, pre- 
liminary to the work here described, sup- 
port this view. 


SOURCES OF INSTRUCTION IN 
SCIENTIFIC INQUIRY 

If one believes, as I do, that the authors 
of the textbooks used in the study, as well 
as the readers who participated, were the 
peers at least of the best people we have, 
training to become teachers or in service, 
then one may well ask how the situation 
is to be improved. From whom and 
through what materials may one learn 
about the scientific method of inquiry? 

Without having made extensive prepa- 
ration for it, I should like to list some 
agencies which teach, or have taught, in 
the area of scientific inquiry. 

At the top of the list comes the group 


of authors whose writings may be used 


nizing Scientific Inquiry,’ ScreNceE EpvucatTIon, 
33, February, 1949. The dissertation is being 
published by the Bureau of Publications, Teachers 
College, Columbia University, in the Contribution 
to Education series, under the title }ariability in 
Recognising Scientific Inquiry. 
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for personal study as well as for the par- 
ticular purposes for which many of them 
were prepared. 

Then come professors of philosophy, 
who occasionally give courses in scientific 
method or the philosophy of science such 
as that given by Professor Nagel across 
the street, in Columbia University. An- 
other is that by Werkmeister, at the Uni- 
versity of Nebraska. 

Sometimes departments of chemistry or 
of physics, or engineering schools, attempt 
to take the curse off their work by offer- 
ing courses of a liberal nature. For ex- 
ample, my own first exposure to the sci- 
entific method—of which I was conscious 
at the time—was in a course called Senior 
Readings in Chemistry, at the Univer- 
sity of Cincinnati. At MIT, also, the 
seniors are said to have the opportunity to 
elect, and I quote, “one full course of 
nonprofessional character”’—in addition 
to a language; one of the four possibili- 
ties is called “History of Science and 
Thought.” (3) Sedgwick and Tyler’s A 
Short History of Science appears to have 
developed out of such a course given at 
MIT some years ago. 

Also departments of history offer per- 
tinent courses. One example is that called 
“The Development of the Scientific Point 
of View,” by Dorothy Stimson, formerly 
Professor of History at Goucher College, 
now its Dean.(4) Frederick Barry’s 
fine book The Scientific Habit of Thought 
seems to have grown out of a course in 
the history of science at Columbia. Also, 
in this country, Dr. Guerlac is said to be 
working at Cornell, Dr. Ackernecht at 
Wisconsin, Dr. Sarton at Harvard, Dr. 
Sigerist at Johns Hopkins, and Dr. Shry- 
ock at Pennsylvania. The interests of some 
of those just mentioned lie particularly in 


the history of medicine, however. 


Another important approach is through 
language or general semantics. Books 1l- 
lustrative of these materials include Haya- 
kawa Language in Action, Johnson People 
in Ouandaries, and Saidla Science and the 


Scientific Mind. These materials seem 
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particularly useful for people not majoring 
in science. 

Finally, mention should be made of the 
courses conceived as a part of general 
education, such as that course sketched 
by Conant in his little book On Under- 
standing Science. Similar courses have 
been planned at Reed College, at Harvard 
University, and possibly at other institu- 
tions. 

These offerings seem sporadic. Appar: 
ently they are made because some indi- 
vidual has a personal interest in them, 
rather than because they are generally 
conceded to be important in a program 
of liberal education. Not one in a teach- 
ers’ college has come to my attention; in 
the institution which is our host today the 
most pertinent course I have heard of is 
Professor Childs’ course on Pragmatism. 
Should not each of us examine critically 
the offerings in his own institution? Do 
prospective science teachers have adequate 
opportunity to acquire competence in this 
area? If not, shouldn’t they be given such 
opportunity ? 


WHAT ASPECTS SHOULD BE TAUGHT? 


Many important problems exist concern- 
ing effective procedures and materials in 
teaching for scientific inquiry. In the re- 
maining moments at my disposal I should 
like to sketch another implication of the 
study. The coding guide used by the 
readers is a statement of ideas believed 
to be important in scientific inquiry. Inso- 
far as these ideas are valid, they may be 
used as criteria in judging the catholicity 
of our objectives in this area. 

One group of ideas which seems not to 
have received adequate attention hitherto, 
consists of those clustering around the 
formulation of a problem, particularly that 
scientific inquiry grows out of common- 
sense experience, but begins only when 
doubt has been felt or when a problem 
has been encountered. A procedure which 
I have used in this connection was based 
on Lloyd Varden’s study of eye move- 
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ments in relation to so-called leading lines 
in photographic compositions. (5, 6, 7) 
First, a salon print having strong lines was 
displayed, accompanied by a disquisition 
on the exposure of the negative, projection 
control employed in making the print, and 
the rules of composition allegedly illus- 
trated in the finished product. Then the 
question was asked, “Was there any thing 
in what has been said that suggests a prob- 
lem to be. investigated?” So far no one 
has suggested the problem of Varden’s 
study, namely, “Do leading lines in photo- 
graphs cause the eyes of observers to move 
in predictable patterns?” After such an 
introduction, a discussion of Varden’'s 
study has seemed to make a strong im- 
pression, particularly since it is in the 
field of art appreciation which few people 
would ever guess to be amenable to scien- 
tific inquiry. 

Students having had this experience 
have seemed able to appreciate how tactless 
was the recent proposal by the Right Rev. 
Ernest W. Barnes, Bishop of Birmingham. 
An excerpt from his book, The Rise of 
Christianity, as reported in a recent issue 
of Time, (8) has this to say concerning 
infant baptism: 

There is no evidence of it in early Christian 
times. Would an inquiry by experimental psy- 
chology show a higher standard of conduct on 
the part of those “regenerated from original sin” 
than appears in others not subjected to baptism? 
Relative to a matter of faith, he formu- 
lated a problem capable of experimental 
test! My students were horrified and 
agreed that the Archbishop of Canterbury 
was justified, on this ground alone, for 
saying of Bishop Barnes: 

If his views were mine, I should not feel that 
I could still hold episcopal office in the Church. 

I am shocked. 


CONCLUDING STATEMENT 
Scientific inquiry is an important objec- 
tive. Good science teaching should be di- 
rected toward it as well as toward the ob- 
jectives commonly worked for. It is be- 
lieved that science teachers must be com- 
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petent in the area before they may hope 


to do good work in it. Let us help them 


acquire the competence which they need. 
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TEST ON THE CONSTRUCTION AND USE OF COMMON 


TOOLS 


R. B. DELANO 
Memorial High School, Boston, Massachusetts 


F you wish to fix the plumbing system 
| in your home, put up a shelf in a closet, 
tinker with your automobile, wire an elec- 
tric light, repair your radio, or even hang 
a picture in your home, can you step into 
a hardware store and ask for the proper 
tool ? 
be able to talk intelligently with mechanics 
and other practical men. This is a best- 


If you can pass this test, you will 


answer test. 


1. A good screwdriver should have a _ blade 
which 
A. tapers from the tip 
B. has the sides of the blade practically 


parallel near the tip 
C. has the sides of the blade concave near 


the tip 
D. has the sides of the blade convex near the 
tip 
2. Ball peen hammers are generally used for 
A. driving nails 
B. pulling nails 
C. riveting 
D. general carpenter work 
3. A second-cut file is one which is 
A. double cut 
B. single cut 
C. very rough 
‘D. moderately smooth 
4. A rip saw has teeth which are 
A. shaped like common chisels 
B. pointed like the end of a knife blade 


C. shaped like the end of a needle 


ul 


“NI 


10. 


Answers: 


D. rough on the edge like the surface of a file 

Combination pliers usually have 

A. wire cutters along the sides of the jaws 

B. a slip joint which allows the jaws to be 
opened very wide 

C. a screwdriver at the end of the handle 

D. claws on the handle for pulling nails 

Box wrenches are wrenches which 

A. completely surround the nut or bolt head 

B. have a rectangular box on each end 

C. have teeth which grip a pipe tightly 

D. are used on the bearing boxes of machines 

An upset chisel is one which has 

A. a thick blade 

B. a narrow blade 

C. become mushroomed 

D. a curved blade 

The pin punch is made with a 

A. straight shank 

B. tapering shank 


C. point ‘having an included angle of 60 
degrees 
D. point having an included angle of about 


30 degrees 


A jack plane contains a plane iron having a 
A. concave cutting edge 

B. straight cutting edge 

C. cutting edge with sharp teeth 

D. convex cutting edge. 

A pin face spanner is used on 

A. castellated nuts 

B. acorn nuts 

C. hex jam nuts 

D. countersunk nuts 


1B, 2C, 3D, 4A, 5B, 6A, 7G 
8A, 9D, 10D. 








MY IDEAL TEACHER 


Ipa TOWNSEND SMITH 
Oklahoma A and M College, Stillwater, Oklahoma 


** AS the teacher thinketh, so is he. As 

A the teacher is, so is the school.” 
Teachers for today’s schools must be very 
different from teachers of yesterday’s 
schools. 

The early American public school was 
very different from the modern school. Its 
primary purpose was to teach children to 
read the Bible; therefore, any Christian 
person who was able to read was a satis- 
factory teacher. As writing and arithmetic 
were added ‘vo the curriculum, it became 
necessary to require competence in these 
subjects or skills. From time to time, as 
other subjects were added to the curricu- 
lum, higher “subject matter’ education 
was demanded and college hours became 
increasingly important to teacher educa- 
tion. Ethical character gradually replaced 
the requirement of Christianity but aca- 
demic knowledge remained the most im- 
portant aspect of the teacher training 
program. 

But, today’s school is no longer special- 
ized education for those few who are intel- 
lectually capable of acquiring textbook 
knowledge. The school is no longer a 
selective agency. More and more the chil- 
dren of “all the people” are coming to 
school; more and more the school is tak- 
ing over the functions of other agencies 
of society such as the home and church. 
Today the primary purpose of the school 
is to provide an educational program in 
which each individual child is helped to 
attain his maximum potentialities—physi- 
cally, mentally, emotionally, and socially 





through vital learning experiences. Today’s 
school attempts to make the child an inde- 
pendent thinker, able to adjust to life as he 
finds it, through his participation in social 
living in the school. Such a school pro- 
gram demands better teaching. 


The best way to get good teaching is to 
get good teachers, and the problem of good 
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teachirig is less one of subject matter and 
methods than it is of human beings. If it 
is true that the future of America lies in 
today’s children, and if it is true that the 
future of today’s children lies in the hands 
of the teachers in today’s schools, what 
kind of people must teachers be? Truly, 
we can no longer accept the old classifi- 
cation of the adults in a community as 
“men, women, and school teachers.” No 
longer can we accept as teachers those who 
fall into the old classification of “Those 
who can, do; those who cannot, teach.” 
No longer can teachers be individuals with 
stuffed minds and closed hearts living 
apart from the world; no longer can they 
be the kind of teachers portrayed in story, 
radio, and movie—the “old-maid,”’ the 
“absent-minded professor,” or the “dull, 
impractical, fuddy-wuddy” —types with 
which all Americans are familiar. Teachers 
for today’s children, in today’s educational 
program in the American democracy, must 
be real people who accept the community 
in which they live and who are accepted 
by that community. 

Teachers are made up of personality, 
background, intelligence, and _ training. 
What sort of person then must be chosen 
for teacher training ? 

First, a teacher must be a fine person. 
He must be a person whose life is well- 
rounded like that of other fine persons in 
the community. He must be able to 
laugh, to play, to work, to cry, and to 
love. He must be skillful in using bota 
his work and his play hours. He must be 
a healthy person, mentally, emotionally, 
and physically. 

He must be an attractive person, clean, 
neat, reasonably fashionable, appropriately 
dressed, and capable of making the most 
of his personal assets. Furthermore, he 
must have a sense of security based on his 
adjustment to life. He must be a social 
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person, liking people and liked by people. 
He must have culture, intelligence, enthu- 
siasm, and courage. 
but not prejudices. 


He has convictions, 
He is a human per- 
son, one who has to an acceptable degree, 
all those virtues associated with desirable 
humanity but definitely not a “paragon.” 
In addition, a fine teacher must have ail 
the qualities recognized by the community 
as leadership qualities. Is this asking too 
much ? 

Granting that the person chosen for 
teaching is a “fine” person, what further 
may we ask? The second criterion may 
No teacher can 
succeed without the moral support of par- 


be called “competency.” 


ents, school board, and the school ad- 


ministration. 
port, the 
“practitioner” 
in the 


To be worthy of this sup- 
be a 
skills 
must 


teacher must 


, 


competent 
demanded 
understand 

He must 
understand and respect child growth and 
development. He must be skillful in lead- 
ing educative experiences. He must be a 


those 
He 
the functions of today’s schools. 


of 
classroom. 


master of the skills needed to build a mod- 
ern curriculum. This would certainly in- 
volve scholarship, a knowledge re- 
sources, an awareness of opportunities, 
He must be 
accept creativity in 
able to inspire oth- 


of 


and a sense of responsibility. 
creative himself and 
others. He must be 
ers to seek knowledge. He must be able 
to apply democratic principles and pro- 
cedures in his classroom situation. 

But one might be able to do all this 
and yet not be a real teacher, for a real 
teacher must also be a professional per- 
son. Being a professional person is some- 
thing more than belonging to a profes- 
sional organization or reading professional 
Fundamentally, it is a point 
In many 


literature. 
of view—a basic philosophy. 
other professions a person seeking entry 


My IpeEAL TEACHER 


123 


into the .professional group is interviewed 
by an admissions committee to determine 
whether or not he has the appropriate pro- 


fessional attitudes. The teaching profes- 


_ sion might employ similar techniques for 


those seeking 


teaching. 


professional training for 
Essentially, it is this attitude 
“which determines whether or not the can- 
didate will “hold down a job” or render 
a service. Job success is usually meas- 
ured by immediate results whereas pro- 
fessional service is measured in terms of 
long-time good. A _ teacher's influence 
neither begins nor ends in the classroom. 
the 


teacher has with the child and with the 


It permeates every contact which 
community. 

To be a professional teacher one must 
want, above all else, to be a teacher. One 
must be willing to accept the responsi- 
bilities of teaching and expect and be will- 
ing to accept rewards in terms of human 
betterment as well as in dollars and cents. 
Furthermore, one must be willing to wait 
for deferred rewards rather than to ex- 
pect immediate recompense. 

A story is told of a young teacher in one 
of the poor paying southern states. Dur- 
ing the summer this young teacher worked 
in industry and made more in three months 
than she had made the preceding nine 
She was asked “Why 


do you want to leave this job where you 


months as a teacher. 
are so much better paid?’ She replied, 
“Sir, I am a teacher.” There is no record 
of her college hours, but she was a pro- 
fessional teacher. 

What 


The most interesting, the most human, and 


must my ideal teacher be ?— 


the most worthwhile person in the com- 
munity—respected as an individual, as a 
skillful 


person. 


worker, and as a_ professional 








THE PRACTICUM FOR TESTING SCIENCE LEARNING 


Lee R. YoTHERS 


Rahway High School, Rahway, New Jersey 


CIENCE students during the course of a 
S school year use, observe, or study ma- 
terials of a diversified nature and function. 
They include various pieces of apparatus, 
chemicals, models, charts, plants and ani- 
mals. 

Frequently, students become so _ en- 
grossed in watching the progressive action 
of an experiment, that they are totally 
unaware of the apparatus being used or 
the part which it plays in the success of 
the experiment. Likewise, in their eager- 
ness to observe a plant or animal speci- 
men, they are likely to fail to associate 
relationships between structure and body 
functions. Again, enthusiasm for all plants 
and animals will not be equal. An octopus 
will arouse student interest, but an ani- 
mal or plant of a less spectacular character, 
though greater economic importance, may 
quickly be forgotten. The interest which 
students manifest toward a specimen, a 
piece of apparatus, or an experiment is no 
assurance that the principles involved will 
become a part of the background of their 
general scientific education. 

To sharpen the focus upon these phases, 
the writer arranges for his students to take 
several practicum tests during each term. 
Experience over a number of years has 
shown that this type of test will motivate 
a more careful study of demonstration ma- 
terial and processes and, in addition, make 
the experience more profitable education- 
ally to the students. The suggestions of 
this article, therefore, are directed to teach- 
ers who are either unfamiliar with or fail 
to use the practicum regularly. 

The practicum is applicable to any sci- 
ence course. Also, it may be used with 
wide variations. For example, in biology, 
the illustrative material for the test may 
refer to plants, animals, or may be se- 


lected from both kingdoms. Phases to be 
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stressed may be directed toward identifica- 
tion, structure, food adaptations, protec- 
tion, environmental factors, or be of a gen- 
eral nature. Similarly, the test may be 
used for identification of equipment, or 
equipment in relation to a chemical, physi- 
cal, or biological experiment. 

Teachers intending to use this type of 
test should inform students that such is to 
be the practice. Since this test differs from 
the more orthodox ones commonly used, 
students may, at first, be inclined to treat 
it lightly. To give significance to the test 
it should be rigidly conducted and critically 
graded. : 

Following are some points which may 
be considered when arranging a practicum. 

1. The display material should be 
widely spaced around the room. 

2. Names and data on specimens or 
equipment may be covered with 
folded paper held in place with rub- 
ber bands. 

3. Paper covering the title on a micro- 
scope slide can be held in place with 
the stage clip. 

4. A small white card is placed by each 

article. 
The card has a typed number and a 


uw 


question or statement pertaining to 
the specimen. 
6. A brief explanation precedes the test. 


N 


Students go from one article to an- 
other and record their answer to each 
question or statement. 

Listed below are examples taken from 
a practicum recently given to the writer's 
biology students. 

The complexion of this test may be 
quickly changed by preparing two or three 
different cards for each specimen. In fact, 
the resourceful teacher will plan many 
modifications in addition to the ones men- 
tioned in this article. 
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Specimen 
Number Specimen 
B Plant Gall 
A Hermit Crab and Sea Anemone 
g. Respiroscope 
4. Mole 
5. Fox Skull 
6. Photo-synthoscope 
7. Nereis 
8. Black Walnut (Gnawed) 
9. Star fish, fish, grasshopper 
10. Staining Dish 


Your ENGLISH IS SHOWING 





Statement 


Question or 


What 
this 


name is given to the abnormal growth on 

plant stem? 

Name the association formed by these animals. 

Name 

Write the word which describes the front 
this animal. 


this apparatus. 
feet of 


Examine this skull. 
animal. 


Classify the food habit of this 


What would you use this apparatus for? 
Study this 
Classify it. 


worm carefully for characteristics. 


Name the kind of teeth which gnawed this walnut. 


In which of these animals is regeneration well 


developed ? 
Would you use this dish when testing food, dissec- 
tion work, or bacteriological work? 


YOUR ENGLISH IS SHOWING * 


Harvey G. TALMADGE, JR. 


University of Iowa, Iowa City, Iowa 


ENTLEMEN, your English is showing. 

The manner in which you express 
yourself, particularly in writing, consider- 
ably affects your engineering career. You 
may not realize the extent to which care 
with grammar and effectiveness in writing 
In order that 
you might integrate what you learn in the 
technical writing classes with your work in 


will influence your future. 


the engineering laboratories, several in- 
structors here at the State University of 
Iowa have arranged for the reports in their 
to 
grammar and writing effectiveness in addi- 


laboratories be graded for English 


tion to technical content. The need for 
greater ability in preparing reports of re- 
search progress has definitely been felt. 
What industry expects of its engineers in 
this respect has been stated by representa- 
tives of several large concerns. 

The men and the companies which they 
represented are as follows: 

Mr. Max Guild, Research and Development 

Mr. R. R. Parker, Process Design Engineering 


* Paper read at meeting of American Institute 
of Electrical Engineers at the State University 
of Iowa, April 21, 1948. 





Mr. Grover, Product Manufacture and Sales 
Correlation 
Phillips Petroleum Company 


Bartlesville, Oklahoma 


Dr. L. P. Gotsch, Research Metallurgist 
American Can Company 
Maywood, Illinois 


Mr. J. F. Wright, Head, Cost Analysis 

Mr. W. A. Whitaker, Head, Mechanical 
neering Department 

Esso Standard Oil Company 

Baton Rouge, Louisiana 


Dept 
Engi- 


It is significant that all expressed nearly 
the same opinions in answering the fol- 
lowing questions : 


Just how much writing does an engineer do 
To what extent will his superiors be influenced 

by the grammar, organization, and literary 

“polish” of that writing ? 

will his posi- 

skill in 


If a man is competent otherwise, 
tion be jeopardized by a of 
matters ? 


lack these 

Are you satisfied with the reports which your 
engineers write for you? 

Engineers must expect to write reports 
in the course of their work. Mr. Wright 
was emphatic in stating, 

“So far as gve know, every engineer will have 
to write reports and letters of transmittal. This 
is certainly true in our organization.” 





126 


And, according to Mr. Guild, 


“All engineers will have to write reports at 
some time. A design engineer writes little in his 
first few years. However, he must be able to 
express his ideas in conference if not on paper.” 


Yet it appears that the average engineer 
is not able to write an adequate report. 


“The ability to make oneself clear in writing 
is a rare one.”—Dr. Gotsch. 

“One of the main shortcomings of the engi- 
neers we get is that they are not able to express 
themselves adequately. They do not organize 
their material properly.”—Messrs. Wright and 
Whitaker. 

“Tt is my experience that only a few men can 
write an acceptable report the first time.”—Mr. 
Parker. 

“We have several head men to rewrite reports 
which are too bad. This wastes time.”—Mr. 
Guild. 


A casual survey of student opinion on 
the SUI campus has shown that many of 
you feel that a report of laboratory work 
should be a mere statement of facts and 
figures, with no discussion of the meaning 
of the work or of recommendations. Such 
a report is seriously limited in its worth. 
The men from industry explained how 
they want their reports written: 

“In my research department the important 
thing is for men to be able to write a short, com- 
prehensive report. Most executives are not 
interested in technical details; they want to hear 
of recommended action.”—Mr. Guild. 

“Tt is necessary that one with scientific and 
engineering background be able to interpret 
scientific facts for non-technical executives. 
Some executives will not read a technical paper 
which they cannot understand.”—Dr. Gotsch. 


“The man at the top is just too busy to wade 
through a hodge-podge of material in a report to 
get at the essence of it. We want our reports to 
be organized so that the executive can stop read- 
ing anywhere and have the over-all picture. If 
he wants more details he can read on.’”’—Messrs. 
Wright and Whitaker. 


In addition to serving your employer, 
you will promote your own future by ex- 
pressing your ideas according to the sug- 
gestions just made. The extent to which 
you will be judged by your writing is 
manifest in these statements: 

“Life is a selling proposition. The engineer is 
selling himself in every report he writes. He 
must make the full impact on his busy superior 
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in the first part of his report.”—Messrs. Wright 
and Whitaker. 


“In an organization as large as ours the execu- 
tive can evaluate a man only through the letters 
and reports which that man writes. One has a 
profound insight on how that man thinks from 
reading his letters. Every report will reach men 
who are concerned with the advancement of that 
engineer.”—Dr. Gotsch. 


“The engineer who can write a good report 
commands attention mofe quickly than one who 
cannot. A man is known mostly through his 
reports. The executive may never see the 
man.”—Mr. Guild. 


In view of these statements from your 
future employers, the efforts of the engi- 
neering college to stimulate improvement 
in the writing of laboratory reports should 
take on new significance. Let us consider 
the scope and purpose of the “English 
grading” being done at SUI. 

For some time it had been noticed by 
the instructors that while a student could 
write an acceptable paper in the technical 
writing class, he frequently would do 
grossly inferior work in preparing his lab- 
oratory report. So, during the second 
semester of the 1946-47 school year, 
arrangements were made so that the re- 
ports for the course Power Laboratory 
(58:52)* were graded for English gram- 
mar and writing effectiveness, in addition 
to technical content. The level of grading 
was approximately equal to that done in 
the technical writing classes. Fifteen per 
cent of the total grade on the report was 
assigned to this work. 

In the fall of 1947 the work was 
expanded to include the two Power Lab- 
oratory courses (58:49, 53) and one 
Electrical Engineering course, Alternating 
Current Circuits and Machinery (55: 149). 
No grades were assigned for writing effec- 
tiveness, but the student was expected to 
take advantage of the grader’s written 
suggestions for improving the report. 

At the beginning of the second semester 
(1947-48) three EE courses, Direct Cur- 
rent Circuits and Machinery, Electrical 

* Numbers in parentheses indicate the SUI 
departmental and course number. 
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Circuits and Machinery, and Elements of 
Electrical Engineering (55:32, 42, 44), 
came under the English grading plan, in 
addition to those in the power laboratory. 
Plans were made to grade and return the 
reports more promptly, before the student 
had lost interest in what he had written. 
Again, no grades were to be assigned for 
writing effectiveness. However, very poor 
reports were to be marked “Not accept- 
able” and returned for rewriting. 

At all times the purpose of proof-read- 
ing for English correctness has been, not 
to penalize the student when he writes 
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poorly, but to stimulate a continued im- 
provement in his report writing. Most of 
the students now accept this cooperation 
between the English department and the 
laboratories as a normal part of the learn- 
ing process. Specific data cannot yet be 
given with any validity, because not 
enough papers have been checked, but at 
the end of the next semester a careful 
statistical report will be made. Mean- 
while, only a generalization can be made, 
but a most important one: The quality of 
composition in reports has been measur- 
ably improved. 


THE BIBLE AND SCIENCE 


WiLtiAM W. MENDENHALL 
Chamblee High, Chamblee, Georgia 


ODERN research has discovered more 
M than it often tells. With its spec- 
tacular successes, there has been much 
human error where human opinion has not 
been supported by superior wisdom or 
laboratory proof. It required six hundred 
and five failures to produce “606,” and it 
took three hundred and seven more fail- 
ures to produce “914.” In the production 
of the sulpha drugs there was similar ex- 
perimentation and failures. These seem to 
be fair samples of the proportions of fail- 
ures to one success in a research labora- 
tory. Moreover, these disproved theories 
were the suggestions of men who were in 
an excellent position to know. 

If the ancient philosophers had first tried 
their theories in the laboratory, their writ- 
ings would have been greatly reduced. 
They proclaimed that the earth is flat, and 
even the readers of the Bible were so 
anxious to fall in with popular opinion that 
they twisted their own book to infer the 
same. Strangely enough all of this time 
the Bible mentioned “the circle of the 
earth” (Isaiah 40:22), and the “circle 
upon the face of the waters” (Proverbs 
8:27). Nearly three thousand years be- 
fore Copernicus was born, while other 
ancient writers were arguing as to what 


supported their flat earth, the Bible said 
of its round earth, “He hangeth the earth 
on nothing” (Job 26:7). 

Though the Bible never was intended to 
teach physical or biological science, though 
it speaks sometimes in parables, and 
though its teachings are given in language 
which could be understood by the un- 
learned in all centuries, yet the agreement 
with the proven facts of science is often 
almost startlingly apparent. Of the cyclonic 
whirls which now help us to predict the 
weather, Ecclesiastes 1:6 says, “The wind 
goeth toward the south, and turneth about 
unto the north; it whirleth about con- 
tinually, and the wind returneth again 
according to his circuits.” And the often 
misunderstood source of rainfall was com- 
pletely outlined in the next verse, “All the 
rivers run into the sea; yet the sea is not 
full; unto the place from whence the rivers 
come, thither they return again.” 

Then over thirty-one hundred years be- 
fore Torricelli was born, the ocean of air 
was mentioned in the same breath with the 
ocean of water, “To make the weight for 
the winds ; and He weigheth the waters by 
measure” (Job 28:25). 

Even the very method by which modern 
science has learned to work was suggested 
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in the Bible more than twenty-one hundred 
years before Galileo was born (Daniel 1: 
8 to 16). Nebuchadnezzar, the great king 
of Babylon, had commanded that Daniel 
and his co-workers be given a diet from 
the luxurious palace fare. Daniel pro- 
posed the details for research on simpler 
food. The experiment was _ successful, 
and these four men, “understanding sci- 
ence” (Daniel 1:6) were excused from 
the king’s luxury foods. Later this same 
king became insane, was forced to eat grass 
in the field, and after some time he came 
back cured. This certainly is not out of 
line with recent discoveries concerning the 
vitamins, which are found in tender grass 
shoots but would not likely have been 
abundant on the king’s table. 

About twenty-nine hundred years ago it 
was said, “Keep thy heart with all dili- 
gence for out of it are the issues of life”’ 
(Proverbs 4:23). That was over twenty- 
six hundred years before William Harvey 
finally demonstrated the circulation of the 
blood. This statement was plainly made 
to teach a moral truth, not science, yet its 
last part has packed in a few words far 
more than was known at that time con- 
cerning the lifegiving quality of the 
oxygenated blood as it is pumped from the 
heart. 
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Likewise, in the ancient Hebrew wor- 
ship, blood, though it had other meanings, 
was a symbol of cleansing. Even they 
could have seen a deeper meaning in this 
if they had known that the blood cleanses 
and feeds every living cell in the body, and 
that the white corpuscles absorb disease 
germs to make them “white as.snow.” 

In the parable of the good Samaritan 
(Luke 10:30 to 37), the friend in need 
bound up the “wounds, pouring in oil and 
wine.” What modern physician could even 
now criticize this first aid treatment ? 

The light of life is mentioned in the 
sible, though the action of the chloroplasts 
was then unknown. 

In view of such examples and others 
that could be given, it would seem to be no 
accident that science has made its greatest 
progress in nations where the most faith is 
found. It would seem no accident that 
modern methods of scientific research were 
started by such men of faith as Galileo, 
Priestley, Faraday, and many great scien- 
tists of the present day. Science could 
have profited much two thousand years 
ago from hints given in the Bible; and 
one wonders if science could not profit 
much even now from the same revelation. 
Science needs the Bible still, else science 
may be used to destroy more than it has 
ever built. 


UNDERSTANDING THE CIRCULATORY SYSTEM OF 
THE FROG 


GeorGE J. BERGMAN 
State Teachers College, East Stroudsburg, Pennsylvania 


HE frog has long been used in biology 
4 courses as an example of the verte- 
brate class Amphibia, as a fairly typical 
vertebrate animal, and as an introduction to 
the study of the zoological portion of gen- 
eral biology. It is easy to obtain, and 
convenient to dissect, therefore it is used 
to acquaint students with the morphology, 
physiology, and life history of vertebrate 
animals. 

The frog has been the subject of in- 


numerable scientific investigations. In the 
laboratory each student carries on his in- 
dividual scientific investigation when he 
dissects the frog and locates the organs 
comprising the digestive system, or the 
venous and arterial vessels comprising the 
circulatory system. Frequently a suitable 
chart of the circulatory system is not avail- 
able. The textbook used may have in- 
adequate diagrams, or may not describe 
the arterial and venous vessels with suffi- 
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cient clarity. 
the circulatory system. 
fails to realize the importance of the process 


of circulation involving efficient distribu- 
tion of food materials and oxygen to all 


of all vessels concerned. 


names follow in parentheses. 


THe Carotip ArcH 
ARTERY ). 





The student may therefore 
fail to develop the proper understanding of 


Consequently he 


parts of the body, removal of the waste 
products of metabolism from the cells in 
all organs of the body, and delivery of such 
wastes to the proper excretory organs. 
The following outline and accompany- 
ing charts may be used to good advantage 
by the teacher in clarifying the circulatory 
system of the frog, and the relationships 


It was found that 


confusion existed in the names of certain 
blood vessels and parts of the heart. In 
such cases, the more frequently used names 
are noted first, and the less frequently used 


This will 


aid in clearing up the existing discrepancies 
which have confused students who have 
referred to several textbooks in checking 
over the frog circulation. 


THE ARTERIAL SYSTEM OF THE FROG 
(Carries oxygenated blood away from the heart) 


I. 


(ComMon CAROTID 
Left and right arches each have 


the following branches: 


A. 


B. 


Lingual or external carotid artery. To 
thyroid, muscles of hyoid and tongue, 
and edges of lower jaw. <A _ spongy 
carotid gland, present near its origin, 
serves to impede the flow of blood and 
to equalize blood flow and _ pressure, 
especially in the internal carotids. 
Carotid or internal carotid artery. 
Beneath base of skull. Divides into: 

1. Palatine artery. To roof of mouth. 
2. Cerebral artery. To brain, 

3. Ophthalmic artery. To eye. 


Tue Systemic Arcu. Left and right arches 
each give off: 


A. Laryngeal 
B. 


G 


. Subclavian 


artery. To 

muscles of hyoid. 

Esophageal artery. To dorsal wall of 

esophagus. 

Occipito-vertebral artery. Divides into: 

1. Occipital artery. To jaws, orbit, back 
of head, tympanum, and nose. 

2. Vertebral artery. To vertebral col- 
umn and muscles of body wall. 

artery. To shoulder and 

adjacent body wall. At its distal and it 

becomes the: 

1. Brachial artery. 


larynx and 


To forelimb. 


CIRCULATORY SYSTEM OF FROG 


& Dorsal 


PULMOCUTANEOUS ARCH, 
arches each passes outward and dorsally, 
and divides into: 

A. Pulmonary artery. 
B. Cutaneous artery. To skin of back, 
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Single and median. 
Formed by union of left and right sys- 
temic arches at the level of the sixth 
vertebra, after above arteries have been 
given off. It gives off: 

1. Coeliaco-mesenteric artery. 


aorta, 


Near ori- 
gin of dorsal aorta, on left side. To 
alimentary canal and 
organs. Divides into: 
a. Coeliac artery (anterior branch). 

Divides into: 

(1) Left gastric artery. To left 

side of stomach. 

(2) Right gastric artery. To right 

Divides into: 


associated 


side of stomach. 


i. Pancreatic artery. To pan 
creas. 
ii. Hepatic artery. To liver 
and gall bladder. 
b. Anterior mesenteric artery. Di- 
vides into: 
(1) Duodenal artery. To duode- 
num, 
(2) Hemorrhoidal artery. To an- 


terior portion of large intestine. 
(3) Splenic or lienal artery. To 


spleen. 
(4) Ileal artery. To ileum. 
2. Urinogenital arteries. Four renal, 
two ovarian or spermatic. To kid- 


neys, fat body, reproductive organs 
and ducts. 
3. Lumbar artery. Sometimes multiple 
(1-4). To dorsal body wall. 
4. Posterior mesenteric artery. 
terior portion of large intestine, and 


To pos- 


median dorsal wall of uterus in 
female. 

5. Iliac or common iliac artery. To 
hindlimb. Gives off: 


a. Femoral or external iliac artery. 
To body wall, skin, and proximal 
muscles of thigh. 

b. Recto-vesicular artery. To rectum, 
bladder, and skin on dorsal surface 
of thigh. 

c. Epigastric artery. To bladder and 
dorsal and ventral body wall. 

d. Sciatic artery. To thigh and 
muscles of skin of hindlimb. 

e. Gluteal artery. To muscles of anal 
region, and skin of thigh. At the 
knee it gives off: 
(1) Tibial artery. 

foot 
(2) Peroneal artery. To muscles 
of knee and calf region. 

Left and right 


Along tibia to 


To lung. 


sides of head, and ventral surface of 
body. 3ehind tympanic membrane it 
divides into: 


1. Dorsalis artery. To skin of back. 
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2. Auricularis artery. To tympanum, 
lower jaw, pharynx, hyoid, and 
thymus gland. 

3. Lateralis artery. To skin of side of 
body. 


THE VENOUS SYSTEM OF THE FROG 
(Carries deoxygenated blood back to the heart) 
I. Systemic VEINS OPENING INTO THE SINUS 

VENOSUS 

A. Anterior vena cava or precaval vein. 
From head, shoulder region, and fore- 
limb. Formed by union of three veins: 
1. External jugular vein (inner branch). 

Formed by: 

a. Lingual vein. From tongue and 
floor of mouth. 

b. Mandibular vein. From margin of 
lower jaw and hyoid region. 

2. Innominate vein (middie branch). 
Formed by: 

a. Internal jugular vein. From brain, 
spinal cord, roof of mouth, and 
head muscles. 

b. Subscapular vein. From back of 
arm and shoulder. 

3. Subclavian vein (outer branch). 
Formed by: 

a. Brachial vein. From forelimb. 

b. Musculocutaneous vein. From skin 
of dorsal side of body, muscles of 
side and back of body, and head as 
far as nose. 

B. Posterior vena cava or postcaval vein. 
Single; returns blood from viscera and 
posterior part of body. Receives the 
following veins: 

1. Hepatic vein. From capillaries of 
hepatic-portal system in liver. 

2. Renal veins. Four to six; from fat 
body and capillaries of renal-portal 
system in kidney. 

3. Ovarian or spermatic veins. Four « 
five; from gonad in female or male 

II. Verns OPENING INTO LEFT AURICLE 

A. Pulmonary vein. The only vein which 
carries oxygenated blood. Formed by 
union of: 

1. Left pulmonary vein. From left lung. 

2. Right pulmonary vein, From right 
lung. 

III. Tue Portat Systems 

A. Renal Portal System. 

1. Renal portal or common iliac veiit. 
Along dorsolateral margin of kidney, 
breaking up into a network of capil- 
laries in kidney. Formed by: 

a. Femoral vein. From anterior part 
of hindlimb. Gives off pelvic vein. 

b. External iliac vein (outer). Con- 
tinuation of femoral vein. 

c. Sciatic vein (medial). From pos- 
terior part of hindlimb. Joins ex- 
ternal iliac vein to form renal 
portal vein. 
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d. Dorsolateral vein. From dorsal 
wall of body, and oviduct in female. 
Empties into renal portal vein near 
kidney. 

B. Hepatic Portal System. 

1. Hepatic portal vein. Discharges blood 

into sinusoids in right and upper left 

lobes of liver. Formed by union of 

the following veins which are on the 

left side of the body: 

a. Gastric vein. From stomach. 

b. Pancreatic vein. From pancreas. 

c. Splenic vein. From spleen. 

d. Duodenal vein. From duodenum. 

e. Mesenteric vein. From ileum and 
proximal part of large intestine. 

2. Ventral abdominal vein. Single ; 
formed by medial union of left and 
right pelvic veins. Receives the 
following : 

a. Vesicular veins. From bladder. 
b. Parietal veins. From ventral body 
wall. 
c. Cardiac vein. Single. From trun- 
cus arteriosus of heart. 

Hepatic portal vein. Single; joins 

ventral abdominal vein, and result- 

ing vessel breaks up into capillaries 
in liver. 


oO. 


ad. 


The relationships of the arterial and 
venous systems of the frog are represented 
in Figures 1 and 2, respectively. These 
charts, when studied together with the out- 
lines given above, may serve to clarify the 
complexities of the circulatory system. It 
remains for the student to verify this ima- 
terial by dissection of the frog and careful 
observation of the structures as he finds 
them in his specimen. 

The tubes which carry the blood are not 
the only important structures with which 
the student is to be concerned. He must 
also realize the importance of the heart and 
its action, the lymphatics, and the blood. 
Therefore the basic facts pertaining to 
these are also outlined here, so that the 
student’s understanding of the circulatory 
system may be as complete as possible. 


THE HEART 

(Lies in the pericardial cavity within a trans- 
parent sac, the pericardium, which is composed 
of an outer parietal layer and an inner visceral 
layer. ) 
\. Srnus VENosuUS. 

1. A thin-walled triangular sac on the dorsal 

surface of the heart. 
2. Opens into the right auricle by the sino- 
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THe CAROTID ARCH 


Lingual Carotid 
(External” Carotid) CInternal, Carotid) 


Palatine Cerebral Ophthalmic 


Toe SYSTEMIC ARCH 


Laryngeal Esophageal Qccipit ebral ubclavian 


Occipital Vertebral Brachial 





Dorsal Aorta 








Posterior Lumbar Urinogeni al Coeliaco-Mesenteric 
Mesenteric 


Anterior Coeliac 


Mesenteric en 


Gastric L. Gastric 


lleal /Splenic Duodenal Hepatic Pancreatic 





Haemorr hoidal 
iac 
Femoral Sciatic Recto-vesicular Epigastric 
Gluteal 
Peroneal Tibial 





TOE _PULMOCUTANEOUS ARCA 





Cutaneous Pulmonary 


Lateralis Auricularis Dorsalis 





Figure 1- Outline of the arterial system of the frog showing the arterial 
arches, the main arteries, and their branches. 


auricular aperture, a slightly oblique open- the pulmonary vein which enters it close to 
ing almost in the median plane of the heart. the sino-auricular aperture, but on the 
3. Receives blood from: opposite side of the inter-auricular septum. 
a. Left anterior vena cava. 3. Has no valvular separation from the pul- 
b. Right anterior vena cava. monary vein. Pressure caused by its con- 
c. Posterior vena cava. traction closes the opening, preventing 
B. Lert AURICLE. backward flow of blood. 
1. Thin-walled. C. RigHt AvurRICcLE 


2. Receives oxygenated blood dorsally from 1. Thin-walled, larger than left auricle. 
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SYSTEMIC VEINS OPENING ITO SINUS VEWOSUS 















Anterior Vena Cava Posterior Vena Cava 
‘ Precayval) (Postcaral ) 
ubclavian innominate External dugular Renal Ovarian or Spermatic Hepatic 
Brachial Mpsculo- Lixgual Mandibular 
Subscapular Internal 
dugular 





VEINS OPENING INTO LEFT AORICLE 
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Lmenary 





Right Pulmonary Left Pulmonary 





TRE PORTAL SYSTEMS 








Resat Portat System Qepatic PorTAL System 
Renal Portal Yentral “Abdomi Gepatic Portal 














Dorsolumbar Splenic 






External Iliac Vesicular Parietal Pancreatic Mesenteric 





Fernoral 


Figure 2 Qutline of the venous system of the frog, indicating the 


main venous vessels and the veins which unite to form them 


2. Separated from left auricle by  inner- tudinal, dorsally-attached spiral valve or 
auricular septum. septum (septum bulbi) which aids in direct- 
3. Left and right auricles separated from ing oxygenated and deoxygenated blood 
ventricle by four (dorsal, ventral, left, and into their respective arches. 
right) auriculo-ventricular valves which 3. The distal portion or synangium (ventral 
prevent backward flow of blood. aorta, truncus impar, bulbus aortae) is 
D. VENTRICLE separated from the pylangium by a semi- 
1. Has thick, muscular walls with fissure-like lunar valve which, together with the an- 
chambers which aid somewhat in separating terior fold of the spiral valve, blocks the 
oxygenated from deoxygenated blood. opening to the pulmocutaneous arches when 
»2. Receives deoxygenated blood first, from oxygenated blood is to pass through the 
right auricle. systemic and carotid arches. 


3. Contracts, sending blood through three 
semilunar valves into conus arteriosus, then 
into pulmocutaneous arches for oxygenation. 

4. Oxygenated blood is then directed first into 
the systemic, then into the carotid arches 
for distribution to all parts of the body. 

E. Truncus Arterrosus (Conus ARTERIOSUS). 


a. The synangium is divided into a large 
left and a large right aortic trunk in 
each of which are two septa dividing the 
trunk into three compartments from 
whence originate a: 


(1) Carotid arch (anterior compart- 


1. A short, cylindrical, muscular tube lying Snes 
obliquely across the auricles. It arises from (2) Systemic arch (middle compart- 
the right anterior border of the ventricle. ment). 

2. The proximal portion or pylangium (bul- (3) Pulmocutaneous = arch ( posterior 


bus cordis of the embryo) contains a longi- compartment). 
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b. Each aortic trunk breaks up into the 
three respective arches. 


Summary of Blood Flow in the Heart 

(1) When the right auricle contracts, venous 
blood is sent into that division of the ventricle 
lying nearest the opening of the conus arteriosus. 

(2) Upon contraction of the ventricle, the blood 
first driven into the conus arteriosus is wholly 
deoxygenated, from the systemic circulation. 

(3) This blood fills the passages on both sides 
of the spiral valve, but finds less resistance on the 
left side (cavum pulmocutaneum) than on the 
right side (cavum systemo-caroticum). The lat- 
ter is again subdivided into paired systemic and 
carotid cavities leading to their respective arches. 

(4) With the aid of the semilunar valve and 
pocket valve formed by the anterior edge of the 
spiral valve, the blood flows exclusively through 
the opening leading to the pulmocutaneous arches, 
and then to the lungs. 

(5) As the pulmonary arteries fill, the pres- 
sure on both sides of the spiral valve becomes 
equalized. The systemic passages, which offer 
the next least resistance, fill with mixed blood 
from the central portion of the ventricle. The 
septum is driven over to the left side, and with 
the aid of the valves, blocks the pulmocutaneous 
passage. 

(6) At the end of the systole, the blood driven 
out of the ventricle comes almost entirely from 
the left auricle, and is therefore oxygenated. 

(7) The resistance in the carotid arches is by 
this time the same as that in the systemic, there- 
fore the former fill, thus sending to the head 
blood which contains the most oxygen. 

(8) There is incomplete separation of the two 
kinds of blood, but additional oxygen is added 
through the buccal cavity and through the skin 
supplied by the cutaneous artery. 


THE BLOOD 


The web which unites the toes of the frog’s 
foot is very thin and transparent. Students are 
always fascinated when, through the low power 
of the microscope, they view the blood coursing 
along the capillaries. Frequently the details of 
the frog’s biood are not covered sufficiently, and 
students do not realize its total makeup. The 
following outline supplies the basic data concern- 
ing the blood of the frog: 


A. Plasma 

1. Contains three kinds of corpuscles: red, 
white, and spindle cells. 

2. Is the fluid portion of the blood. 

3. Contains in solution sugars, fats, proteins, 
vitamins, hormones, mineral salts, nitrogen, 
carbon dioxide, some oxygen, and products 
of katabolism. 

4. Coagulates under certain conditions, :form- 
ing a clot of fibrin and corpuscles, and a 
liquid known as serum. 
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B. Red Biood Corpuscles (Erythrocytes). 

1. Are oval, flattened cells containing a sub- 
stance called hemoglobin, which combines 
with oxygen. 

. Arise principally in the marrow of the 
bones. 

3. Said to be derived from lymphocytes or 
small leucocytes. 

4. Worn-out ones are destroyed in the spleen 
by macrophages. 


to 


5. After hibernation the spleen produces new 
red and white corpuscles. 

6. Are yellowish-red in color. 

7. Have a central, bulging nucleus. 

8. Measure about 1/1800 of an inch long, by 
1/1100 of an inch wide. 

9. Do not divide when mature. 

C. White Corpuscles (Leucocytes). 

1. Smaller than red cells, but vary in size. 

2. Are ameboid in shape and movement. 

3. Tend to creep along the sides of the blood 


vessels. 

4. Tend to migrate through the walls of the 
capillaries into the tissues outside. 

5. The cytoplasm is nearly colorless, and 
often granular. 

6. The nuclei are irregular, constricted, 
divided, or spherical. 

7. Are formed in the spleen. 

8. Aid in removal of broken-down tissue. 

9. Engulf small bodies, such as bacteria, thus 
decreasing the number of pathogenic organ- 
isms within the body. 

D. Spindle Cells (Thrombocytes 

1. Are usually spindle-shaped. 

2. Are from 1/900 to 1/600 of an inch long, 
and 1/370 to 1/550 of an inch wide. 

3. Are said to develop from lymphocytes. 

4. Are usually colorless. 

5. Possess ameboid movement when young 

6. Play an important part in clotting of the 
blood. 


E. 7 


~ 


he Capillaries. 


. Are very small in diameter. 


nN 


Form fine networks in tissues 


-) 


Connect distal end of arteries with proxi 

mal part of veins. 

4. Their wall consists of a single layer of 
endothelium. 

5. The number of capillaries is directly pro- 

portional to the rate of metabolism of the 


tissues. 

6. Through their walls food and oxygen pass 
to cells. 

7. Receive carbon dioxide and other waste 


products from cells, and transport them to 
veins. 


THE LYMPH 
The lymph is an important liquid which forms 
an accessory part of the vascular system. Usually 
it does not receive much attention when the frog 
is studied. In this animal there are lymph ves- 
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sels, 


organ, the spleen. The outline which 
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lymph sacs, lymph hearts, and a lymphoid 
follows 


indicates the importance of the lymph and the 
structures which contain this liquid. 


A. General Characteristics. 


1 
2. 
3. 


10. 


11 


. Colorless fluid. 

Lacks red blood corpuscles. 

Contains colorless corpuscles (leucocytes) 
which engulf harmful bacteria and cleanse 
tissues. 


. The corpuscles escape by diapedesis 
through the walls of capillaries. 
. Derived from seepage of blood plasma 


from capillaries. 
3athes all cells. 
. Collects wastes. 
. Distributes food products. 
. Serves as an intermediary 
blood and cells. 
Can form a clot. 
. Always travels toward the heart. 


B. Lymph vessels (Lymphatics) 


1 


2 
3 
4. 
5 


6. 


“I 


10. 


C.- Lymph 


sil 


1. 


? 





. Thin-walled tubes. 

. Not well-defined. 

. Variable in diameter. 

Irregular in shape. 

. Microscopic in size. 

Must be prepared in a special way to be 

seen. 

. Collect lymph from tissues and return it 
to veins, 

. Fnd blindly among cells and unite to form 
larger vessels. 

. Are in free communication with all veins 
of the body. 
In the walls of the intestine lymph vessels 
absorb many fat gobules, and are then 
known as lacteals. The resulting milky 
substance (chyle) is discharged into the 
subvertebral lymph sinus via the anterior 
pair of hearts. 

Sacs. (Large, irregular spaces or 

quses COMmunicating with one another.) 

Subcutaneous lymph sacs. 

a. Large cavities between the skin and 
muscles. 

. Separated from one another by connec- 
tive tissue septa which bind the skin to 
the body wall. 

c. Protect the skin from excessive loss of 

moisture while the frog is on land. 

d. Have been divided up into: 

(1) Lateral branchial sacs 
forelimbs). 

(2) Crural (hindlimbs). 

(3) Dorsal (dorsal side of body). 

(4) Femoral (around femur). 

(5) Lateral (sides of body). 

(6) Pectoral (chest region). 

(7) Submaxillary (beneath lower jaw). 

Abdominal lymph sacs. 

a. Large spaces ventral to kidneys, be- 

tween the peritoneum and the body wall, 

along dorsal surface of the body cavity. 


(sides of 


between the * 


D. 


1. Two pairs of 


& wh 


“I Nu 
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b. The largest is the subvertebral lymph 
sinus or cisterna magna which communi- 
cates with the pleuroperitoneal cavity by 
means of small pores. 

c. Lymph from the body cavity flows 
through minute openings or  nephro- 
stomes on the ventral surface of the kid- 
neys, into the renal veins. 

Lymph Hearts. 

small, globular, contractile 
sacs located at points where the lymphatic 
vessels communicate with the veins. 


. Are quite transparent. 


Pulsate regularly. 


. Affect movement of the lymph, with the 


aid of muscular movements. 


. Pump lymph from spaces into veins. 
. Semilunar 


valves prevent backflow from 
veins. 
Possess a muscular coat composed of a net- 


work of bundles of striated muscle fibers. 


. Consist of: 


a. Anterior lymph hearts. 

(1) Lie immediately behind transverse 
processes of the third vertebrae, be- 
neath the shoulder’ girdle. 

(2) Pump lymph from the subvertebral 
lymph sinus into the subscapular 
veins. 

b. Posterior lymph hearts. 

(1) Lie on each side of the tip of the 
urostyle. 

(2) Communicate by short vessels with 
the femoral veins. 


(3) Pump lymph from the adjacent 
lymph sinus into the renal portal 
vein. 


E. The Spleen. 


1. 


th 


w 


A small reddish, spherical, lymphoid organ 
near the anterior end of the rectum, 
attached by a mesentery to the intestinal 
wall. 

Is the largest and most constant of the 
lymphatic organs. 

Is the center for filterage and rejuvenes- 
cence of erythrocytes and leucocytes. 


The circulatory system is the mechanism 


by means of which various substances are 


transported within the organism. Each liv- 


ing 


cell must have delivered to it those in- 


dispensable substances which maintain life ; 


it n 


resulting from katabolic processes. 


1ust also divest itself of waste products 
Both 


actions must balance favorably for efficient 


action and living on the part of any or- 


gan 


In the frog, as in 


ism. 


many other multi- 
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cellular organisms, the blood is a circulat- 
ing tissue which passes through a series 


of passages for very definite purposes. Liv- 
ing blood cells are carried by a liquid 
plasma which supplies water to the tissues 
of the body, therefore acting hydrostat- 
ically. The red blood cells deliver oxygen 
to the various tissues which can thus re- 
lease energy. Food is distributed to all the 
cells by being dissolved in the plasma of 
the blood, and the constant circulation reg- 
ulates the body temperature. Many chem- 
ical substances are dispersed by means of 
the blood, and many chemical transforma- 
tions are constantly going on within it. In- 
fective bacteria and other foreign organ- 
isms are engulfed by the white blood cells 
known as phagocytes, which thereby com- 
bat diseases and assist in effecting cures. 
The waste products of metabolism are 
transported to the proper organ of elim- 
ination by the blood plasma. Finally the 
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blood may be studied microscopically and 
thus can be an important factor in the 
diagnosis of various ills. 

It is hoped that the outline and charts 
presented above may assist the teacher 
in his efforts to develop within the student 
a comprehensive understanding of the cir- 
culating fluids and the vessels which trans- 
port them in the frog. In the study of any 
system, the names and relationships of the 
organs involved must be _ thoroughly 
learned. Since structure and function go 
hand in hand, the actions and processes 
undergone by the various organs must also 
be understood. The relationship of one 
system to all the other systems must also 
be ascertained. If the student can under- 
stand these aspects of his biological investi- 
gations of the frog, then he will be in a 
position to coordinate and integrate his 
knowledge, and thus effect an understand 
ing of the animal as a whole. 


A DIRECT READING SUNSHINE TOTALIZER FOR USE WITH 
THE MARVIN DIFFERENTIAL THERMOMETER 


RONALD L. IvEs 


Department of Geography, Indiana University, Bloomington, Indiana 


INTRODUCTION 


EASUREMENT of the duration of direct 
M sunshine by use of Marvin differen- 
tial thermometer, usually coupled to a 
multiple recorder, has become standard 
practice at many weather stations. Where 
an immediate result is not essential, com- 
putation of the “per cent of possible sun- 
shine” from the reduced record produces a 
useful climatic figure. 

In smaller institutions, where a full- 
time meteorologist is usually not employed, 
and where funds are commonly limited, 
cost of the standard recorder, and labor 
involved in reducing the conventional 
record, have prevented wider use of sun- 
shine measuring equipment. 


“ELAPSED TIME’ CHRONOMETERS 


By coupling an “elapsed time” chrononi- 
eter to the Marvin thermometer and set- 
ting the chronometer to zero before sun- 
rise, the minutes of sunshine, since reset 
(in this case sunrise) can be read di- 
recetly at any time; and the time shown 
by the clock, after sunset, is the total hours 
of sunshine for the day. 

A convenient “elapsed time” chronom- 
eter for this use is a standard self-starting 
electric clock, equipped with a “front 
reset.” This is a standard item, made for 
use on radio and other instrument panels, 
and combines extreme dependability with 
great ruggedness and low cost. When the 


clock coil is energized by line power 
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(A.C.—be sure line frequency and clock 
frequency are the same), the clock runs. 
When the coil is not energized, the clock 
In consequence, the . time 
indicated by the clock is the total time 
that the current has been on. Such clocks 
are commonly used as “telltales” in ther- 
mostatic installations. 


does not run. 


CONNECTIONS 


Quite obviously, an electric clock con- 
nected in series with the supply line and a 
Marvin thermometer will indicate the time 
that the thermometer contacts are closed, 
and hence the duration of sunshine. Such 
a connection requires that the entire line 
be insulated for a relatively high voltage, 
does not permit the use of a conventional 
recorder, and may overload the thermom- 
eter contacts. 

A more convenient arrangement, in 
which a relay, operating from a low-voltage 
power supply, is controlled by the ther- 
mometer ; and the clock is controlled by the 
relay, is not only less expensive in most 
instances, but permits the operation of sev- 
eral or many recorders and indicators from 
a single thermometer, and does not over- 
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Annunci- 
ator-type wiring, of relatively low cost, 
may be used between the thermometer 


load the thermometer contacts. 


(usually on a distant roof top) and the 
recorder location. 

Connections are shown in Figure 1, and 
are straightforward and entirely standard. 
Spark absorbers, consisting of a 1 MF. 
paper condenser and a 100-ohm resistor, 
are inserted to reduce radio interference 
and extend contact life. 

When direct sunlight falls on the Marvin 
thermometer, the mercury in the lower 
bulb expands, rises in the tube, and closes 
the line circuit. 
which closes its contacts, energizing the 
clock (and other) circuit. When no sun- 
light falls on the Marvin thermometer, the 


This energizes the relay, 


mercury in the bulb does not expand, and 
the local circuit remains open. When sun- 
light has fallen on the bulb, and stops, the 
mercury contracts, opening the local cir- 
cuit; and, in turn, stopping the clock. In 
consequence, the clock records only the 
duration of direct sunlight, as indicated by 
the Marvin thermometer. 

At any time after sunset, the time indi- 
cated by the clock is recorded, and the 
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clock reset to zero hours and minutes. 
The recorded figure is the duration of 
direct sunlight since the clock was last 
reset. 

For special purposes, a printing timer, 
controlled by an auxiliary contact-making 
clock, can be used to make the entire sun- 
shine recording process fully automatic. 


PERFORMANCE 


Comparison of figures obtained by this 
method with those from a multiple re- 
corder indicates that the clock will normally 
show a minute or more of sunshine in 
excess of the multiple recorder. This is 
due to the fractional minutes of sunshine 


not accounted for by the “once a minute” 
cycle of the older type recorder. When 
both instruments are working properly, 
the difference is usually a small fraction of 
one per cent, with the clock method having 
the greater theoretical accuracy. 

Life of components is unknown, but 
very long. The modern electric clock, of 
reasonably good manufacture, has a serv- 
ice life exceeding five years (some are 
guaranteed for longer periods). Modern 
commercial relays, in the medium price 
range, have a rated life of several million 
operations, and most exceed their factory 
rated life. The Marvin thermometer, 
being made of glass and mercury, does not 
wear out, but is subject to breakage. 


RELATED APPLICATIONS 


The “elapsed time” clock here described 
may be used with any “all or nothing” 
contacting instrument. Its use with ther- 
mostat (largely in engineering work) is 
almost standard practice. In conjunction 
with an anemometer slowage indicator,’ it 
was found useful in determining duration 

1Ives, R. L. Anemometer Slowage Indicators. 
Bulletin American Meteorological Society, 27: 
173-177, 1946. 
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of winds with speeds above or below a 
predetermined value. 

Because the speed of a conventional elec- 
tric clock varies directly as the input fre- 
quency (within reasonable limits), the 
clock can be calibrated directly in per cent 
(3.6°=1 per cent for a 12-hour clock), the 
input frequency set for the maximum pos- 
sible sunshine for the specific day, and the 
dial read, after sunset, directly in “per cent 
possible sunshine.”” Frequency, in cycles 
per second, for a 12-hour clock, is shown 
by the formula :— 

12 
F = 60x a. for a 60-cycle movement ) 
In which F = desired supply frequency 
in cycles per second 
h = maximum possible hours 
of sunshine for the day. 

This arrangement will give dependable 
results only when the input frequency can 
be maintained with great accuracy, and 
hence is useful only in relatively well 


equipped laboratories. 


CONCLUSIONS 


Use of an “elapsed time” clock in con- 
junction with a Marvin differential ther- 
mometer makes possible recording of sun- 
shine duration at a relatively low cost, 
both in money and labor. A direct read- 
ing of sunshine duration is obtained, elim- 
inating the rather laborious chart reduc 
tion necessary with the conventional re- 
corder. With this method it is also pos- 
sible to determine, at any time after sun- 
rise, the “up to now” duration of direct 
sunshine. Because of the relative sim- 
plicity of this recording device, and the 
ruggedness of the components, its use in 
classroom instruction is possible. In fact, 
many high school students, toward the 
close of a course in physics or practical 
electricity, should be able to build a re- 


corder of this type. 








MATERIALS OF CONSUMER SCIENCE FOR THE JUNIOR 
HIGH SCHOOL * 


GEORGE GREISEN MALLINSON 


Western Michigan College of Education, Kalamazoo, Michigan 


PART II 


The Selection and the Organization of 
Materials of Consumer Education and the 
Evaluation of the Suitability of These Ma- 
terials for Integration into Seventh, Eighth 
and/or Ninth-Grade Courses of General 
Science. 

STATEMENT OF THE PROBLEM 

The purposes of this part of the investiga- 
tion were (1) to select materials of con- 
sumer education by means of the criteria 
developed in Part I; (2) to organize these 
materials into topical categories ; (3) to al- 
locate these categories to the areas defined 
in that part; and (4) to evaluate the suit- 
ability of such materials for integration into 
general science courses. 


SELECTION OF THE MATERIALS TO 
BE ANALYZED 
A study by Gabriel! provided specific 
guidance with respect to the selection of 
publications to be analyzed in order to ob- 
tain items dealing with consumer education. 
As a part of his survey of methods now em- 
ployed in the teaching of consumer educa- 
tion in the public high schools of 24 states, 
Gabriel sent questionnaires to 1000 teachers 
of that subject in public high schools. The 
responses revealed that supplementary ma- 
terials were considered most effective for 
consumer education, and that the two kinds 
of supplementary materials used most fre- 
* This article is the second of a series of two 
reporting a dissertation for the degree of Doctor 
of Philosophy at the University of Michigan. 
Part I was published in February, 1949, ScreNcE 
EDUCATION. 
1 Gabriel, Puzant. Methods of Teaching Con- 
sumer Education. Cincinnati, Ohio: Southwest- 


ern Publishing Co., Monograph 64, March, 1946, 
p. 45. 
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quently and regarded as most highly ef- 
fective, were magazines and government 
publications ; and that of the supplementary 
sources named and thus evaluated, Con- 
sumers’ Guide led the list. 

Consumers’ Guide was therefore selected 
as the one government publication to be an- 
alyzed. 

It was deemed desirable, as a means of 
obtaining a variety of types of materials, 
to select for the remaining sources, maga- 
zines designed for different purposes, such 
as a health magazine, a women’s magazine, 
and a news magazine. 

Gabriel’s findings revealed that of maga- 
zines designed for health education, //ygeia 
was rated highest by the respondents ; Good 
Housekeeping was rated highest of the 
women’s magazines; and Time was rated 
highest of the news magazines. 

It was arbitrarily decided to confine the 
subsequent analysis to the issues of Con- 
sumers’ Guide, Hygeia, Good Housekeep- 
ing, and Time published between July 1, 
1945 and April 1, 1947. These issues totaled 
91 for Time, a weekly; and 21 issues each 
for Consumers’ Guide, Hygeia, and Good 
Housekeeping, monthly publications. 


THE TECHNIQUES USED IN THE ANALYSIS 


All the articles, including those under 
various department headings, in the selected 
issues were examined. Materials not an- 
alyzed were advertisements, letters of opin- 
ion written to the editors, and articles 
and stories which the tables of contents 
classified as fiction. 

Every article was read for the purpose 
of finding in it all the “knowledges of con- 
sumer education” it contained. A “knowl- 
edge of consumer education” was here de- 
fined as any material that satisfied one or 
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more of the criteria stated. In some arti- 


cles these knowledges consisted of only a 
phrase or a sentence or two, and had only 


minor importance. In many others, how- 


Magazine Page Article 
and Date No. Title 
Consumers’ Guide 11 First Aid for a 

July 1945 Sweet Tooth 


*“Code” designates both the letter-number 
criteria, of consumer education; and the area, or 
judged to be an aspect. 
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ever, several knowledges were found in a 
single article. 
Every knowledge was recorded on a tab- 


ulation sheet in this way: 


*Code Consumer Kowledges 


Cc 

l Honey or corn sirup may be used in 
place of cane sugar m cooking and 
canning. 


combination corresponding to the criterion, or 


areas, of living of which that knowledge was 


In this case the knowledge was judged to satisfy the criterion, C, “Using 


goods and services,” and to belong in area, “Food,” 


The following table lists the numbers of 
articles judged to contain knowledges of 


consumer education, together with the total 


TABL 


THE NUMBERS OF KNOWLEDGES OF CONSUMER 
MAGAZINES 


NEE RE Re 
TS EPs Laulaleed Casas d ceased es soe 
Ne ce cas vkabodeceecuadahees 


re eee ls nian SeeWu eed aati 


The 4074 knowledges of consumer edu- 
cation varied widely in scope. For example, 
one knowledge included all the factors in- 
volved in using pressure cookers; another 
was concerned merely with the processing 
of green beans in a pressure cooker. Be- 
sides the variations in scope of the articles, 
there was extensive duplication of know]l- 
edges among them. It was, therefore, de- 
cided to combine the knowledges into major 
and mutually exclusive categories. 

The following example illustrates how 


Magazine Page Article 
and Date No. Title 
Good Housekeeping The Question- 

July 1946 69 30x 


number of such knowledges. found in the 


four publications. 


E Il 
EpucATION FoUND IN THE ARTICLES OF THI 


ANALYZED 


Numbers of Articles 
Containing Knowledges 
of Consumer Education 


Numbers of 
Knowledges of 
Consumer Education 


267 544 
232 582 
407 1188 
1007 1760 
1913 4074 


this combining was done. One of the ar- 


ticles, picked at random, reads thus: 


“Does heat affect canned foods? S. R 


Canned foods stored in a warm place will not 
spoil, but there may be some loss in vitamin 
values. Studies indicate that the vitasiin content 
decreases as storage temperature increases. The 
loss is not exceptional unless the cans are kept 
at high temperatures for some time \ cool 
cellar is best for storage.” 


The tabulations made for this article were 
as follows: 


Code Consumer Knowledges 

C 

l Canned goods will not spoil in warm 
place but lose some vitamin con- 
tent with increasing temperature. 
Cool cellar best for storage. 
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The following category was tentatively 
constructed as an appropriate one under 
which to. record the 
extracted from the article: 


‘consumer knowledge” 


“Storage conditions, with reference to moisture 
and temperature, for foods, in order to preserve 
nutritional values.” 


Subsequent attempts to allocate other 
knowledges revealed the need for a revi- 
sion of this category. Such revision was 
made as often as was necessary as the work 
proceeded in order that the category would 
unquestionably include all the knowledges 
which logically seemed related. The state- 
ment which finally resulted from this trial 
and error process is this: 

“Optimal conditions of moisture and tempera- 


ture for storing foods so that the maximal 
nutritional value may be preserved.” 


f consumer 


All the 4074 knowledges « 


education were thus combined into 281 


categories. 

As the final step in this phase of the in- 
vestigation, each category was assigned by 
the investigator to the one of the basic 
areas of living (previously determined) 
with-which it seemed logically to be con- 
cerned. 

Table IIT indicates the numbers of cate- 
gories within the various basic areas: 


TABLE III 


THE NUMBERS OF CATEGORIES OF KNOWLEDGES 
OF CONSUMER EDUCATION ASSIGNED TO 
Eacu Basic AREA OF LIVING 

Number of 


Basic Areas of Living Categories 


Fe See ea ere 62 
The Equipment and Maintenance of 
SE BOONE - unin as ven ge weee eee 45 


Clothing, Textiles and Clothing Fur- 
nishings (jewelry, clothing decora- 
BER ic ons ca as Rabie ae area ae 30 

Health and Personal Care (medical 
and dental care, soap, drugs, cos- 





RS eo eran 70 
Transportation and Communication... 24 
Leisure and Recreational Activity.... 21 
SS A Pr re re ee 21 
Savings and Investments (insurance, 

bank deposits, stocks and bonds)... 8 

. — 
ME. on nd Roe an ab epee alow as 281 
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Three specialists in the teaching of sci- 
ence, all of whom offer courses in that field 
at the university graduate level, agreed to 
evaluate all the categories. The justification 
for the use of such judgments has been cited 
previously from. evidence summarized by 
Keeslar.! 
which indicates that the average of the 
ratings made by three raters is almost 
identical with the average of those made 
by many raters, provided the criteria, in 


Keeslar further presents evidence 


terms of which the ratings are to be made, 
are clearly and concisely stated. 

A copy of the list of 281 categories was 
submitted to each specialist with the follow- 
ing explanations and instructions: 


The attached list is comprised of categories of 
knowledges of consumer education. These cate- 
gories were compiled from specific knowledges 
of consumer education which were extracted 
from magazines, as meeting criteria for con- 
sumer education. 

The next step is to determine whether or not 
these categories of knowledges of consumer edu- 
cation have application in seventh, eighth and/or 
ninth-grade courses of general science. Your 
assistance is respectfully requested in performing 
this task. 

Please give each category one of the following 
values: 

a. Is essential for inclusion in 

seventh, eighth and/or ninth- 

grade courses of general science.. (value +2 
b. Has some positive value for inclu- 

sion in seventh, eighth and/or 

ninth-grade courses of general 

WOON nc x sw lesctde Keno ewan COE SOR 
c. Is neither well-suited nor poorly- 

suited for inclusion in seventh, 

eighth and/or ninth-grade courses 

of general science ............. (value 0) 
d. Is poorly-suited, rather than well- 

suited, for inclusion in seventh, 

eighth and/or ninth-grade courses 

of general science.............. (vaiue —1) 
e. Is totally unsuited for inclusion in 

seventh, eighth and/or ninth- 

grade courses of general science.. (value —2) 

Some bases for judging would be difficulty, 
closeness to pupil experience, and relationship to 
the gencral-science curriculum, 


1Keeslar, Oreon Pierre. Contributions of 
Instructional Films to the Teaching of High 
School Science. Doctor’s Dissertation, Univer- 
sity of Michigan, 1945, pp. 104-15. Published in 
abbreviated form under the title, “Contributions 
of Instructional Films to the Teaching of High 
School Science.” Science Education, XXX 
(March-April, 1946), 82-8, 132-6. 
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At the right of each category on the attached 
list are the five numerical values as follows: 


1. (Category ...) —2 —1 0 +1 42 

Examine each category and indicate your 
judgment with respect to its value for inclusion 
in a course in general science by encircling the 
appropriate number on the scale at the right. 

The values assigned to each category by 
the four evaluators (including the investi- 
gator) were tabulated, and the algebraic 
sum of these evaluations was computed. For 
example, the category, “Comparison of nu- 
tritional values of raw and cooked food,” 
was assigned a value of +2 by two evalu- 
ators; a value of +1 by one evaluator ; and 
a value of 0 by one evaluator. The alge- 
braic sum of these values is (2 K +2) + 
(1 x +1) +0=5. 

The algebraic sum of the evaluations of 
each category was assumed to be the value 
of that category. On the basis of these re- 
sults, the 281 categories were arranged in 
descending order of their values, within 
the groupings in which they had previously 
been placed. 

The results of the evaluations are sum- 
marized in the following table : 


TABLE IV 


DISTRIBUTION OF THE TOTAL VALUES OF THE 
281 CATEGORIES OF KNOWLEDGES OF 
CoNSUMER EDUCATION 


Total Values Frequency 





* +8 / 
47 13 
+6 - 
+5 10 
4 19 
+3 7 
+2 10 
+1 4 

0 11 
= 8 
eR 18 
—3 10 
—4 15 
= 15 
—6 15 
—7 10 
—<j 105 

281 


* Table IV is read thus: “Seven of the cate- 
gories were assigned a total value of +8 (judged 
as essential by all four evaluators) ; thirteen were 
given a total value of +7 by the four evaluators ; 
etc.” 
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PART III 

THE ASSIGNMENT OF THE CATEGORIES 
OF KNOWLEDGES OF CONSUMER Epu- 

CATION TO SCIENTIFIC PRINCIPLES 

AND/OR TO SCIENTIFIC ATTITUDES 

STATEMENT OF THE PROBLEM 

HE purpose of this final part of the 
lee was to assign the cate- 
gories of knowledges of consumer educa- 
tion, judged to be of value for integration 
into seventh, eighth, and/or ninth-grade 
courses of general science, to scientific 
principles to the understanding of which 
they may be expected to contribute, or to 
scientific attitudes in the development of 
which they may be deemed likely to assist. 


TECHNIQUES EMPLOYED 

The principles of science selected for use 
were the 272 in the “composite list of 
principles of physical science’ assembled 
by Wise;' and the 300 in the “master 
list of major principles from the biological 
sciences” assembled by Martin.* The sci- 
entific attitudes selected for use were the 
five major ones formulated by Curtis.* 

Every principle and every attitude was 
typed on a separate index card and filed. 
Every category which received a positive 
value, from the evaluation previously de- 


1Harold E. Wise, A Determination of the 
Relative Importance of Principles of Physical 
Science for General Education. Doctor’s Disser- 
tation, University of Michigan, 1941. pp. 248- 
91. Published in abbreviated form under the 
title, “Determination of the Relative Importance 
of Principles of Physical Science for General 
Education”. Science Epucation, XXV_ (De- 
cember 1941), 371-9; XXVI (January 1942), 
8-12. 

2 William E. Martin, A Determination of Prin- 
ciples of Biological Science of Importance for 
General Education. Doctor's Dissertation, Uni- 
versity of Michigan, 1944. pp. 111-57. Published 
in abbreviated form under the title, “Determina- 
tion of the Principles of the Biological Sciences 
of Importance for General Education”. Science 
Epucation, XXIX (March 1945), 100-5. 

8 Francis D. Curtis, Some Values Derived 
from Extensive Reading in General Science. 
Teachers College Contributions to Education, 
No. 163. New York: Teachers College, Colum- 
bia University, 1924. pp. 41-9. 
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scribed was typed on a separate slip of 
paper. 
The investigator compared every cate- 


gory with every principle and with every 
attitude in order to determine whether, in 
his opinion, the material it included could 
readily be made to contribute to the under- 
standing of that principle or to assist in 
the development of that attitude. In every 
case in which such a relation was dis- 
covered, the slip of paper on which the 
category was typed was clipped to the cor- 
responding index card. 

Some of the categories might defensibly 
have been assigned to more than one atti- 
tude or principle. It was, however, arbi- 
trarily decided to assign every category to 
only that one principle or attitude with 
which the relationship was most obvious. 

The defensibility of these assignments 
was checked in two ways: 

As a first check, the general science 
texts written by Caldwell and Curtis,* Wat- 
kins and Perry,® and Powers, Neuner, 
Bruner and Bradley ° were chosen because 
they are organized so as to develop under- 
standings of scientific principles and pos- 
session of scientific attitudes. The indexes 
of these books were consulted in order to 
find the pages on which were presented any 
of the various topics with which the cate- 
gories dealt. These pages were then ex- 
amined in order to determine the principles 
and/or the attitudes to an understanding 
of which the materials might logically be 
expected to develop. 

It was found that the topics were in- 
cluded under essentially the same _prin- 


4Otis W. Caldwell and Francis D. Curtis, 
Everyday Science. Boston: Ginn and Company, 
1946. Pp. xiii + 664. 

5 Ralph K. Watkins and Winifred Perry, Sci- 
ence in Our Modern World, Book 1, Under- 
standing Science, Pp. xiv + 432; Book 2, Sci- 
ence for Daily Use, Pp. xii + 500; Book 3, 
Science for Human Control, Pp. xvi + 588. 
New York: The Macmillan Co., 1940-41. 

6 Samuel R. Powers, Elsie F. Neuner, Her- 
bert B. Bruner and John H. Bradley, Exploring 


Our World, Pp. xiv + 496; Our World Changes, 


Pp. vi + 565; Using Our World, Pp. vi + 626; 
Our World and Science, Pp. vii + 654. Boston: 
Ginn and Company, 1940-41. 
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ciples and/or attitudes by the textbook 
writers and by the investigator. In no 
text, however, were any topics discussed 
from the point of view of consumer 
education. 

It was found that one category, namely, 
“Possibilities of reduction and salvage of 
waste occuring in American homes,” could 
not be assigned defensibly to any of the 
principles or attitudes. This category, 
however, may well be used as a separate 
exercise for developing an appreciation of 
the scientific method. 

As a second check, two of the judges 
who had evaluated the categories checked 
every assignment made by the investigator 
of a category to a principle or to an atti- 
tude. Each expressed the judgment that 
every such assignment was defensible. 

The importance of developing skills in 
the use of the elements of the scientific 
method, as a major objective of science 
courses, is supported by the Committee of 
the Forty-Sixth Yearbook of the National 
Society for the Study of Education.’ 
Therefore, the category is appropriate 
subject-matter for developing one of the 
major objectives of courses of science. 


List I 


THE PRINCIPLES OF PHYSICAL SCIENCE 
TOGETHER WITH THE CATEGORIES 
ASSIGNED TO THEM 
*1. Radiant energy travels in waves 
along straight lines, its intensity at any 
distance from a point source is inversely 
proportional to the square of the distance 

from the source. 

Effects of ultra-violet lamps, infra-red 
lamps and natural rays of the sun on 
various tissues of the human body. 

7 Science Education in American Schools. 
Forty-Sixth Yearbook of the National Society 
for the Study of Education, Part I. Chicago: 
Distributed by the University of Chicago Press, 
1947. Pp. 166-76. 

* List I reads thus: Materials of the category, 
“Effects of ” was judged to contribute to 
the understanding of the principle, “Radiant en- 
ergy travels. - 
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2. Heat is transferred by convection in 


currents of gases or liquids, the rate of 
transfer decreasing with an increase in the 
viscosity of the circulating liquid. 
Procedures for operation and main- 
tenance of heating equipment to get 
maximal value from fuel and to keep 
home at optimal temperature. 


3. The boiling point of any solution be- 
comes lower as the pressure is decreased 
and higher as the pressure is increased. 

Comparison of cooking in covered and 
uncovered utensils with respect to length 
of time required, amount of water 
needed, and quantity of nutrients lost. 


4. When waves strike an object, they 
may either be absorbed, transmitted or 
reflected. 

Comparison of various types of com- 
mercially-manufactured sun-glasses with 
prescribed sun-glasses, with respect to 
cost and efficiency in eliminating harm- 
ful radiation. 


5. If a beam of light falls on an irregular 
surface, the rays of light are scattered in 
all directions. 


Selection and arrangement of lamps in 
a home for maximal illumination and 
best diffusion of light. 


6. The darker the color of a surface, the 
better it absorbs light. 


Methods of varying colors and shades 
of color on different walls of a room to 
make optimal use of illumination. 


7. When light rays pass obliquely from 
a rare to a more dense medium they are 
bent or refracted toward the normal and 
when they pass obliquely from a dense 
to a rarer medium, they are bent away 
from the normal. 

Causes for poor eyesight and sugges- 
tions for care of eyes and for use of 
glasses in order to increase visual acuity. 


8. Each combustible substance has a 
kindling temperature which varies with 
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its condition but may be greater or less 
than the kindling temperature of some 
other substance. 

Devices available for detecting fires 
in the home. 

Comparison of procedures to be used 
with inflammable and non-inflammable 
cleaning fluids. 

List of causes of fire in home and 
methods of preventing human injury 
and reducing property damage. 

Meaning of the label of the Under- 
writers’ Laboratories, which appears on 
some household goods. 


9. The exchange of the negative and 
positive ions of acids and bases results in 
the formation of water and salt. 


Use of mild alkaline dressings to al- 
leviate symptoms of poison ivy. 


10. The solubility of solutes is affected 
by heat, pressure, and the nature of the 
solute and solvent. 


Methods of detection of, and proper 
procedures for removal of, different 


types of spots on textiles. 


List II presents the principles of bio- 
logical science together with the categories 
assigned to them. The principles appear 
in the same order, as in Martin’s study 
from which they were taken. 


List II 


THE PRINCIPLES OF BIOLOGICAL SCIENCE 
TOGETHER WITH THE CATEGORIES 
ASSIGNED TO THEM 
*1. Enzymes, vitamins, and hormones 
are chemical regulators (stimulators and 
suppressors) of the reactions that occur 


in living organisms. 


Comparative vitamin content of food 
exposed to air or stored for lengthy 
periods and fresh foods. 


* List II reads thus: Materials of the category, 
“Comparative vitamin content . . .,” was judged 
to contribute to the understanding of the prin- 
ciple, “Enzymes, vitamins. . . .” 
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Values of the various vitamins and 
minerals in the diet. 

Comparison of enriched,. or fortified, 
foods with foods which have not been 
enriched or fortified. 

Comparison of commercial vitamin 
and mineral products with natural food 


as sources of food nutrients. 


2. Growth and repair are fundamental 
activities of all protoplasm. 
Approved First Aid treatment for in- 
juries, and 
serve until proper medical care can be 


accidents emergencies to 


made available. 


3. The food requirements of every liv- 
ing thing are: fuels capable of yielding, 
when oxidized, the supply of energy with- 
out which life cannot continue; materials 
for growth and for replacement for the 
slight wearing away of the living tissue in- 
volved in any activity; minerals, the neces- 
sary constituents of cell structures, of cell 
products, and of the bathing fluid of cells; 
and vitamins or “accessory” food factors. 


“Basic Seven” foods considered by 
the United States Department of Agri- 
culture to be necessary for a balanced 
diet. 

Diseases and organic disturbances 
which may be caused by deficiencies or 
surpluses of certain food nutrients in 
the diet. 

Availability, comparative quality and 
cost of various types of milk for nutri- 
tional needs. 

Comparison of nutritional values of 
raw and cooked foods. 

Comparison of nutritional values of 
young, mature, and overripe fruits and 
vegetables. 

Caloric value and vitamin and mineral 
content of various foods and beverages. 

Substitutes for various foods, of other 
foods having similar nutritional values. 

Nutritional values of animal, vegetable 
and 


and mineral oils fats used for 


cooking. 
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Pamphlets available from the United 
States Printing Office, dealing with nu- 
trition and home management. 

Menus to provide balanced diets for 
different age, and occupational 
groups. 


sex, 


4. Digestion accomplished two things: 
it makes food soluble in water, thus en- 
abling the nutrients to pass through mem- 
branes and thereby reach and enter cells; 
it reduces complex nutrients (fats, pro- 
teins, and carbohydrates ) to simple building 
materials which in turn can be rebuilt into 
whatever living material or structural fea- 
ture is necessary at the place of use. 

Comparative nutritional values of fats, 
and proteins in the diet. 
Foods which accelerate or retard the 


carbohydrates, 


digestion and assimilation of other foods. 


5. Reproduction is a fundamental bio- 
logical process that provides for the con- 
tinuance of life on the earth by providing 
new individuals. 


Description of an adequate program of 
health and sex-education designed for 
children. 


6. Species not fitted to the conditions 
about them do not thrive and finally be- 
come extinct. 


Listing of various accident hazards 
around the home and suggestions for 
eliminating these hazards. 

Rules for being a safe driver of, and 
a safe passenger in an automobile. 


7. Protective adaptations aid survival. 


Lists of infections and diseases for 
which sera are available for immuniza- 


tion and/or for remedy. 


8. In a living organism adaptation of 


action and adaptation of structure are 


necessary for survival. 

Legislative protection given consum- 
ers by Food and Drug Administration, 
Federal Trade Commission and United 
States Post Office. 
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Review of the physiological effects of 
good posture and proper exercise. 
Approved procedures for bathing. 


9. Those organisms which cannot adjust 
themselves to their environment lose out 
in the struggle for existence. 

Comparison of the properties of vari- 
ous beverages as stimulants. 

Dangers of using barbiturates or other 
sedatives, and benzedrine stimulants 
without the advice of a physician. 

Review of allergies with respect to 
causes, prevention, and treatment. 


10. The numbers of any species depend, 
on the one hand, upon its rate of repro- 
duction and growth, and on the other, upon 
its death-rate from accident, enemies, and 
disease. 

Types and frequency of medical and 
dental examinations needed by various 
age, sex, and occupational groups. 

Insecticides which are toxic to human 
beings and to small animals. 


11. All plants and animals are engaged 
in a constant struggle for energy. 


Methods for sterilization of  sick- 
room equipment and other household 
materials. 


12. Plants and animals are directly or 
indirectly dependent on the soil. 


Time schedules for planting and har- 
vesting vegetables and fruits in home 
gardens. 


13. All communicable diseases are 
caused by micro-organisms. 
Methods of purifying drinking water. 
Diseases which may be transmitted to 
human beings by household pets. 
Description of symptoms of tubercu- 
losis and procedures for seeking medical 
treatment of it. 


14. For each disease caused by an or- 
ganism a specific microbe exists. 
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Causes of decay and of damage to 
teeth and methods of reducing such de- 
cay and damage to the minimum. 


15. Viruses require living cells for their 
growth and they multiply only within liv- 
ing cells. 

Description of symptoms of cancer 
and procedures for seeking medical 
treatment of it. 


16. Infection by micro-organisms is pos- 
sible only under the following conditions: 
1. The infecting organism must enter the 
host in sufficient numbers ; 2. It must enter 
by an appropriate avenue; 3. It must be 
virulent ; 4. The host must be receptive. 

The cause of epidemics and the health 
regulations designed for reducing, or 
preventing, the spread of disease. 


17. A parasitic organism harms its host 
in various ways and to various degrees, by 
actively attacking the tissues, by shedding 
poisons (toxins) which are distributed 
throughout the body of the host, by 
competing with the host for food or 
even by making reproduction of the host 
impossible. 


Cause ‘of athlete’s foot and approved 
methods for preventing its spread and 
for alleviating its symptoms. 


18. Most cases of fermentation, souring, 
and putrefaction are brought about by 


living organisms. 

Diseases and organic disturbances 
which may be caused by improper cook- 
ing, storage, or processing of food. 

Comparison of health-value and nutri- 
tional value of pasteurized and unpas- 
tuerized perishable food products. 

Methods of detecting food spoilage 
and deterioration. 

Sanitary regulations prescribed for the 
processing of food and food products. 

Information on selection, storage, and 
preparation of fruits, vegetables, and 
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animal products to be used in home can- 
ning or home freezing. 

Canning techniques necessary in cold 
pack, hot-water bath, and pressure-can- 
ning of foods. 

Healthful and nutritional values of 
preservatives and coloring agents used 
in processing of food. 


List III presents the scientific attitudes, 
together with the categories assigned to 
them. The attitudes appear in the same 
order as in Curtis’s study from which they 
were taken. 


List III 
THE SCIENTIFIC ATTITUDES TOGETHER 
WITH THE CATEGORIES ASSIGNED 
TO THEM 
*1. Habits of delayed response, holding 
views tentatively for suitable reflection. 

Methods of analyzing advertisements 
of products alleged to be of hygienic 
value. 

2. Habit of weighing evidence. 

Methods of examining, and factors to 
be considered in reading label accom- 
panying food products. 

Simple tests for detecting adulterants 
in foods. 

Comparison of fresh, canned, and 
frozen food products with respect to 
cost, nutritional values, and methods of 
preparing and of cooking. 

Comparison of quantities of food in 
various sizes of cans, glass jars and 
bottles, baskets, and hampers. 

Methods of checking for accurate 
weight and number when purchasing 
food products. 

Comparison of nutritional value of 
Grade A, B, and C eggs and compara- 


* List III reads thus: Materials of the cate- 
gory, “Methods of analyzing advertisements . . ., 
was judged to assist in the development of the 
attitude, “Habit of delayed response. . . .” 


” 
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tive weights of large, medium, and small 
eggs. 

Comparison of household utensils and 
equipment made from various metals and 
other materials, with respect to cost, 
weight, durability, and efficiency. 

Effectiveness of patent medicines and 
drugs as compared with that of physi- 
cians’ prescriptions. 

Review of various health superstitions 
and an objective analysis of the fallacies. 

Comparative values of various types of 
tooth brushes, tooth powders and pastes, 
and mouth antiseptics in oral hygiene. 

Evaluations of the merits of pseudo- 
scientific approaches to psychological 
problems, through experiences with 
palmists, fortune-tellers, advice columns 
in newspapers, fetishes, and astrology. 

Comparisons of various newspapers 
and magazines with respect to their rela- 
tive values as sources of educational 
materials, 


3. Respect for one another’s point of 
view, an open-mindedness, and willingness 
to be convinced by evidence. 


Review of superstitions concerning nu- 
tritional values of certain foods or com- 
binations of foods. 

Symptoms which indicate a need for 
medical treatment. 


The findings from Lists I, II, and III 
are as follows: 


1. Seventy-three of the seventy-four 
categories which had received a positive 
value as explained in the preceding chap- 
ter were assigned to principles and/or 
attitudes. 

2. Thirteen were assigned to 10 prin- 
ciples of physical science to the under- 
standing of which they were judged to con- 
tribute; 45 were similarly assigned to 18 
principles of biological science; and 15 to 
3 scientific attitudes. 
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A DETERMINATION OF PRINCIPLES AND EXPERIMENTS 





FOR AN INTEGRATED COURSE OF PHYSICAL 
SCIENCE FOR HIGH SCHOOL—I * 


VADEN W. MILEs 


Physics Department, Wayne University, Detroit, Michigan 


STATEMENT OF THE PROBLEM 


ue purpose of the first part of the in- 


vestigation [1] was to determine the 


relative importance of the principles of 
physical science which are desirable for 
inclusion in an integrated course of physi- 
cal science for senior high school. 


DEFINITIONS OF TERMS 


The following definitions of terms were 


used in the first part of the investigation : 


A [scientific] “principle” is defined 
in terms of four criteria [2]: 

A. To be a principle a statement must 
be a comprehensive generalization de- 
scribing some fundamental process, con- 
stant mode of behavior, or property 
relating to natural phenomena. 

B. It must be true without exception 
within limitations specifically stated. 

C. It must be capable of illustration. 

DD. It must not be a definition. 


The term “physical science” includes 


only the fields of physics (including astron- 
omy and meteorology), chemistry, and 
geology. 


An “integrated course of physical sci- 


ence” is one in which subject matter from 
the fields of physics (including astronomy 
and meteorology), chemistry, and geology 
is unified, and which is contributory to 
the development of an understanding of 
principles of physical science. 


The term “senior high school” means 


grades 10, 11, and 12 of the secondary- 
school system. 


TECHNIQUES EMPLOYED 


Wise’s [3] list of 272 principles was as- 


sumed to constitute a satisfactory list of 


*This article is based on one section of the 


author’s dissertation for the degree of Doctor of 
Philosophy, University of Michigan, 1947. 





principles of physical science to be evalu- 
ated, on the basis of the desirability of 
each for inclusion in the integrated course. 

Keeslar [4] presents substantial evi- 
dence from five research studies which in- 
dicates that individual evaluations by a 
jury of as few as three individuals are both 
reliable and valid, 

providing (1) that the judges 

be well-trained and experienced; i.e., 

experts in their fields of specialization ; 

and (2) that the criteria in terms of 
which the judgments are to be made be 
clearly and concisely stated for the 

purpose [5]. 

It was assummed, therefore, that five 
would constitute an acceptable number of 
evaluators of the principles. 

Four specialists in the teaching of sci- 
ence, in addition to the investigator, agreed 
to evaluate the principles. All five spe- 
cialists were well qualified in terms of 
their teaching experience and their subject- 
matter training. 

A copy of Wise’s list of 272 principles 
of physical science was submitted to each 
of the five evaluators with the following 
explanations and instructions : 

Attached to this letter is a list of 272 
principles of physical science. A subject- 
matter specialist in each of the fields 
of physics, chemistry, and geology has 
approved the principles related to his 
respective field, for accuracy of state- 
ment. No effort has been made, how- 
ever, to state these principles in a vocab- 
ulary suitable for use at the high-school 
level. e 
The criteria which delimit the pur- 

pose of the physical-science course and 
which therefore are to serve as bases 
for the judgments to be made by you 


are: 


The integrated course of physical 
science for senior high school 
(1) is planned to serve not only as 

a college-preparatory course but also 

as a terminal course for those capable 

of profiting by such a course; and 

(2) is intended to accomplish for 
physical science the same purposes 
that are now served by a high-school 
course in general biology. 

The principles are to be marked ac- 
cording to the following directions: 
“Please write E, D, or U at the left 
of each principle to indicate, respectively, 
whether you consider it to be 

(1) essential (E) for inclusion in 
an integrated course of physical sci- 
ence for senior high school, 

(2) merely desirable (D) if time 
permits its inclusion, or 

(3) undesirable (U) in such a 
course because it is too abstract or 
too difficult.” 

For the purposes of this evaluation, 
you are asked to adopt the following 
definitions of terms: [The terms physi- 
cal science, integrated course of physical 
science, and senior high school as pre- 
viously defined. | 


After the list of principles was marked 
independently by the five evaluators and 
returned, each principle was then assigned 
a numerical value. This was the sum of 
the individual evaluations of that principle 
by the five judges on a scale in which 
each designation as “essential” was arbi- 
trarily assigned the value of +3; each as 
“desirable” was given the value of +2; 
and that of “undesirable,” —2. For ex- 
ample, “All liquids are compressible but 
only to a slight degree” was judged 
essential (+3) by 3 evaluators, de- 
sirable (+2) by 1, and_ undesirable 
(—2) by 1. The algebraic sum of 
(+3x3)+(4+2x1)+(—2X1) is 9. The 
numerical value assigned to this principle 
was, therefore, 9. 
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Table I presents, in descending order 
of relative importance, the 103 most highly 
valued principles of the 214 deemed by 
the judges to be desirable for inclusion in 
the proposed course. 


TABLE | 
PRINCIPLES DESIRABLE FOR INCLUSION IN AN 
INTEGRATED COURSE OF PHYSICAL SCIENCE 
FOR SENIOR HIGH SCHOOL, IN DESCENDING 
OrDER OF THEIR RELATIVE IMPORTANCE 


Relative 
Principles Importance 

1. Energy can never be created or 
destroyed; it can be changed from one 
form to another only with exact equiv- 
Cn ee ree a eet 15* 

2. A gas always tends to expand 
throughout the whole space available. . 15 


3. When there is a gain in mechan- 
ical advantage by using a simple ma- 
chine, there is a loss in speed and vice 
GUE hci oc else nants takes elena 15 
4. In the lever the force times its 
distance from the fulcrum equals the 
weight times its distance from the 
Ee ae eee eee 15 
5. The work obtained from a simple 
machine is always equal to the work 
put into it less the work expended in 


overcoming friction ...............- 15 
6. Sound is produced by vibrating 
matter and is transmitted by matter. . 15 


7. Solids are liquefied and liquids 

are vaporized by heat; the amount of 

heat used in this process, for a given 

mass and a given substance, is specific 

and equals that given off in the reverse 

CURE nc cc shiascnch cadens ee 15 
8. Most bodies expand on heating 

and contract on cooling; the amount 

of change depending upon the change 

Be IIE. on ooo as aes ones sess 15 
9. Heat is liberated when a gas is 

compressed, and is absorbed when a 


ir SN as awk a Sh kG ae ea 15 
10. The atmospheric pressure de- 
creases as the altitude increases...... 15 


11. The higher the temperature of 
the air, the greater is the amount of 


moisture required to saturate it...... 15 
12. Bodies of land heat up and cool 
off more rapidly than bodies of water. . 15 


13. The principal cause of wind and 
weather changes is the unequal heat- 
ing of different portions of the earth’s 
surface by the sun; thus all winds are 
convection currents caused by unequal 
heating of different portions of the 


* The numerical values are the algebraic sums 
of the individual evaluations of the five judges 
on the scale for essential (+3), desirable (+2), 
and undesirable (—2). 
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r <— Relative Relative 
P Principles Importance Principles Importance 
earth's atmosphere, and they blow 30. Every pure sample of any sub- 
y from places of higher atmospheric stance, whether simple or compound, 
1 pressure to places of lower atmos- under the same conditions will show 
I 6a. 5 0 Vases ee ebetane 15 the same physical properties and the 
14. If a beam of light falls upon an same chemical behavior............. 15 
irregular surface, the rays of light are ‘ 31. The materials forming one or 
scattered in all directions. Fimoee aes 15 more substances, without ceasing to 
N 15. Dark, rough or unpolished sur- exist, may be changed into one or 
faces absorb or radiate energy more more new and measurably different 
effectively than light, smooth or pol- SII, | c iaennidd von wie teense 15 
ished surfaces ...... pee eeverssececces 15 32. Oxidation always involves the 
16. The colors of objects depend removal or sharing of electrons from 
e upon the wave lengths of the light the element oxidized while the reduc- 
rays they transmit, absorb or reflect... 15 tion always adds or shares with the 
17. Light travels in straight lines in Clement redaced ..cccccccsccccecces 15 
a medium of uniform optical density. ‘ 15 33. Oxidation and reduction occur 
18. W aves travel in straight lines simultaneously and are quantitatively 
while passing through a homogeneous ee Paeae 15 
if Dc... aires eae eh ae 5 T ‘eta es : 
ga — ? a IS 34. The exchange of the negative 
- Wien | . wt is re -” ’ 8 and positive ions of acids and bases 
angle of oe is equal to the i results in the formation of water and 
angie ed ee tee aA pew 15 DOE tdeautussevechuss toe sGedcanan 15 
20 Like elec - “-harce repel < ee ss - . 
“ e € pe charges repel and si 35. Electrolytes dissolved in water 
ce electrical charges attract...... 5 3 ner 
ser ‘ . ectrical ¢ r ~— “a act exist partially or completely as elec- 
J aone e ay . e 29 ° . m ° o 
21. A magnet always has at least trically charged particles called ions. . 15 
two poles and is surrounded by a 2 a : 
E oe ’ - 36. All matter is made up of pro- 
ED ed aweabecs¥epad ee 15 ‘ jf ; . 
: , : tons, neutrons, and electrons........ 15 
22. Like magnetic poles always re- — on at 
. ’ - 37. The electrons within an atom 
pel each other and unlike magnetic is ; 
: form shells about the nucleus, each of 
poles always attract each other...... 15 Sect : Si 
: Gee ime which contains a definite number of 
23. Pieces of iron, steel, cobalt ict 15 
7 7 D. SWeesecadeodsocensectiseceses Pe 
or nickel may become magnetized by 20 , . 
: é tir of 38. When elevations or depressions 
induction when placed within a mag- : ‘ “is 
— . are created upon the surface of the 
0 ee err ee tre 15 3 ; : 
“ s earth, the elevations are usually at 
24. An electric current may be pro- ‘ et 
: PE tacked by the agents of erosion, and 
duced in three ways: by rubbing or “ ‘ 
pe : ae . the materials are carried to the de- 
friction, chemical action, and using a a ~ 
4 a » pressions Skew Die bee Lewes ° ° 15 
I ios sa is We c'nce alain ww ou 15 aa i ; 
ro ; , ; 39. Streams, generally, are lowering 
25. An electric current will flow in : : ; 
“eh the surface land in some places and 
the external circuit when two metals rs : : ° 
: : : a building it up in other places 15 
of unlike chemical activity are acted 7 : : : 
. ; 40. Rocks may be formed by the 
upon by a conducting solution, the : . : “i 
: , . sib i compacting and cementing of sedi 
more active metal being charged nega- 
. c WE. “chiatwans chad baecakenawabaae 15 
Te Seles Ae ald aie x bab. bin.a ae CRA’ 88 15 41. A fluid | ' 
. - . . e d ul las a ten ncy oO move 
26. An electromotive force is in- ; ‘ 3 oat 
: — . : re from a region of higher pressure to 
duced in a circuit whenever there is a . 3 
. 3 ° F - one of lower pressure; the greater the 
change in the number of the lines of te : 
oat ae ; , difference, the faster the movement 14 
magnetic force passing through the : : 
at c 42. Any two bodies attract one an- 
Oe od as Wa Galo se etl cewek 15 “A , ; pela 
in. o : other with a force which is directly 
27. Elements are made up’ of small - ; : 
. ° . proportional to the attracting masses 
particles of matter called atoms which : 
* 3 and inversely proportional to the 
are alike in the same element (ex- : eee : 
; : ae : square of the distance between their 
cept for occasional differences in ‘ 
; ‘ : ; Rp centers of mass......... - : 14 
atomic weight; i.e., isotopes) but dit- 43M . all bodi , 
: "eae oo : 3. Movements of all bodies in the 
ferent in different elements.........- 15 ‘n ete : 
a, : solar system are due to gravitational 
28. All substances are made up of - : ; 
; * attraction and inertia ........ att 14 
small particles called molecules which oe : me : 
; : a 44. The pressure in a fluid in the 
are alike in the same substance (ex- : ' ' - - 
cept for variations in molecular weight a 3. Oe to the weig at OF 3 
due to isotopes) but different in dif- fluid above a unit area including the 
. Mey eibiieene oe oo eck oes 15 point at which the pressure is taken ; 
S 29. All matter is composed of single it therefore varies with the depth and 
; elements or combinations of several average density of the fluid.. ‘5 14 
MOD, , Scccwcsdcceweoseedbusiv cess 15 45. Bodies in rotation tend to fly 











Principles 

out in a straight line which is tangent 
e Ehe OFC Gh POEKEION, . 1. .6Kc ess 

46. A body immersed or floating 
in a fluid is buoyed up by a force equal 
to the weight of the fluid displaced. . 

47. The pressure at a point in any 
fluid is the same in all directions...... 

48. Heat is conducted by the trans- 
fer of kinetic energy from molecule 
el NINE os Caw onieeou dae eee hil eam 

49. When two bodies of different 
temperature are in contact, there is 
a continuous transference of heat en- 
ergy from the body of higher tempera- 
ture to the one of lower temperature, 
the rate of which is directly propor- 
tional to the difference of temperature 

50. The lower the temperature of a 
body, the less the amount of energy 
it radiates; the higher the tempera- 
ture, the greater is the amount of en- 
CG SA © 5. voce cpchesewtanegcae 

51. Heat is transferred by con- 
vection in currents of gases or liquids, 
the rate of transfer decreasing with an 
increase in the viscosity of the cir- 
Sg eee or eee 

52. Every pure liquid has its own 
specific boiling and freezing point.... 

53. The higher the pitch of a note, 
the more rapid the vibrations of the 
producing body and vice versa...... 

54. Musical tones are produced 
when a vibrating body sends out regu- 
lar vibrations to the ear while only 
noises are produced when the vibrat- 
ing body sends out irregular vibra- 
OS | re ree 

55. Energy is often transmitted in 
is GOGT GE WAVES... 665k cwccdccwees. 

56. When waves strike an object, 
they may be absorbed, transmitted, 
Ee ren ree 

57. When light rays are absorbed, 
some of the light energy is transformed 
ae NO ae vicar acnasseeaes 

58. The darker the color of a sur- 
face, the better it absorbs light...... 

59. The intensity of illumination de- 
creases as the square of the distance 
PROM BD MOU BONITO. 66 oc oon codeweec 

60. Radiant energy travels in waves 
along straight lines; its intensity at 
any distance from a point source is in- 
versely proportional to the square of 
the distance from the source........ 

61. When light rays pass obliquely 
from a rare to a more dense medium, 
they are bent or refracted toward the 
normal and when they pass obliquely 
from a dense to a rarer medium, they 
are bent away from the normal...... 

62. An image appears to be as 
far back of a plane mirror as the 


Relative 
Importance 


14 
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object is in front of the mirror and 
is WER: Vonlbc- ve Nil a ce Weeen bess xe 

63. Parallel light rays may be con- 
verged or focused by convex lenses 
or concave mirrors; diverged by con- 
cave lenses or convex mirrors ...... 

64. Protons and neutrons only are 
found in the nucleus of an atom.... 

65. In an uncharged body there are 
as many protons as electrons and the 
charges neutralize each other while a 
deficiency of electrons produces a plus 
charge on a body and an excess of 
electrons produces a negative charge. . 

66. An electrical charge in motion 
produces a magnetic field about the 
conductor, its direction being tangen- 
tial to any circle drawn about the con- 
ductor in a plane perpendicular to it. . 

67. All materials offer some re- 
sistance to the flow of electric cur- 
rent, and that part of the electrical 
energy used in overcoming this resist- 
ance is transformed into heat energy. . 

68. The resistance of a_ metallic 
conductor depends on the kind of ma- 
terial from which the conductor is 
made, varies directly with the length, 
inversely with the cross-sectional area, 
and increases as the temperature in- 
COUMIER © hs vaerek wate eo cerca peek 

69. The electrical current flowing 
in a conductor is directly proportional 
to the potential difference and in- 
versely proportional to the resistance 

70. Electrical power is directly pro- 
portional to the product of the po- 
tential difference and the current.. 

71. When a current-carrying wire 
is placed in a magnetic field, there is a 
force acting on the wire tending to 
push it at right angles to the direction 
of the lines of force between the mag- 
netic poles, providing the wire is not 
erence OO Ge DONE ooksn dvscdcsascces 

72. The atoms of all radioactive ele- 
ments are constantly disintegrating by 
giving off various rays (alpha, beta 
and gamma) and forming helium and 
Ne ER EO eae 

73. The solubility of solutes is af- 
fected by heat, pressure, and the nature 
of the solute and solvent ............ 

74. The valence of an atom is deter- 
mined by the number of, electrons it 
gains, loses or shares in chemical re- 
NE on ks Fa ERe eae Tense Kew 4 

75. Most atoms have the property 
of losing, gaining or sharing a number 
of outer shell electrons.............. 

76. The energy shown by atoms in 
completing their outer shell by adding, 
losing or sharing electrons determines 
their chemical activity ............. 
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Principles 

77. The properties of the elements 
show periodic variations with their 
I SO. a ok 4 adie bvlde heldsits:s 

78. Each combustible substance has 
a kindling temperature which varies 
with its condition but may be greater 
or less than the kindling temperature 
of some other substance ............ 

79. Matter may be transformed into 
radiant energy and radiant energy into 
matter; in either case, the mass is 
EE csecenicW aah Weenneteker ass 

80. The total mass of a quantity of 
matter is not altered by any chemical 
or physical changes occurring among 
the materials composing it (except in 
GD Sicha vik au acskinaa s 

81. The rates of many, reactions are 
affected by the presence of substances 
which do not enter into the completed 
CT SOM os oa scenes esiecebes 

82. Acids and bases in water solu- 
tion ionize to give hydrogen and hy- 
droxol ions, respectively, from their 
constituent elements ...........-s06: 

83. The ingredients of a solution are 
homogeneously distributed through 
I a dS ok weweaa ees 

84. When different amounts of one 
element are found in combination with 
a fixed weight of another element (in 
a series of compounds) the different 
weights of the first element are related 
to each other by ratios which may be 
expressed by small whole numbers... 

85. The earth’s surface may be ele- 
vated or lowered by interior forces.. 

86. Strata of rocks occur in the 
earth’s crust in the order in which 
they were deposited, except in the case 
re 

87. The energy which a body pos- 
sesses on account of its position or 
form is called potential energy and is 
measured by the work that was done 
in order to bring it into the specified 
Is 3 oti ce nu igledais ae pivak eps 0 

88. When the resultant of all the 
forces acting on a body is zero, the 
body will stay at rest if at rest, or it 
keep in uniform motion in a straight 
line if it is in motion................ 

89. When one body exerts a force 
on a second body, the second body 
exerts an equal and opposite force on 
ees RE ee ee ee 

90. When pressure is applied to any 
area of a fluid (liquid or gas) in a 
closed container, it is transmitted in 
exactly the same intensity to every 
area of the container in contact with 
CE oe aloe aed 2 Vale wialee nies 

91. The average speed of molecules 
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14 


14 


13 








SCIENCE 151 


Relative 
Principles Importance 
increases with the temperature and 


SNE Gt Sas cas ans burden ee bens Se 13 
92. Condensation will occur when 

a vapor is at its saturation point. if 

centers of condensation are available 

and if heat is withdrawn............ 13 
93. A change in state of a sub 

stance from gas to liquid, liquid t 

solid, or vice versa, or from solid to 

gas or vice versa, is usually accompan- 

panied by a change in volume........ 13 
94. The presence of a non-volatile 

substance will cause the resulting so 

lution to boil at a higher temperature 

and to freeze at a lower temperature 

NE I ln 5 nn eee alae 13 
95. The volume of an ideal gas 

varies inversely with the pressure upon 

it, providing the temperature remains 

GEE, O60 dk dn da canon aes ba Kae 13 


96. Whenever an opaque object 

intercepts radiant energy traveling in 

a particular direction, a shadow is cast 

behind the object .......... err 13 
97. The dispersion of white light 

into a spectrum by a prism is caused 

by unequal refraction of the different 

wave lengths of light................ 13 
98. Positively charged ions of met 

als may be deposited on the cathode, 

as atoms, when a direct current is sent 

through an electrolyte ...... a teralaeie 13 
99. In a transformer the ratio be 

tween voltages is the same as that be 

tween the number of turns.......... 13 
100. Energy in kilowatt hours is 

equal to the product of amperes, volts, 

and time (in hours) divided by one 

ike racan ea kwaduan cies ov wele 13 
101. The mass of an atom is con- 

centrated almost entirely in the nu- 

nha a wise Gin wh nk oe Oe weasel 
102. Atoms of all elements are made 

up of protons, neutrons, and electrons, 

and differences between atoms of dif- 

ferent elements are due to the number 

of protons and neutrons in the nucleus 

and to the configuration of electrons 

surrounding the nucleus ............ 13 
103. Earthquakes are produced by 

the sudden slipping of earth materials 

SE SEED. nvoewution ca wecaneeebwan's 13 


we 


FINDINGS 


1. Two hundred fourteen of 272 prin- 
ciples were given positive values by the 
five evaluators to indicate their desirability 
for inclusion in an integrated course of 
physical science for senior high school. 
Forty of these principles received an ag- 





1 


un 


gregate value of 15 (deemed essential by 
all 5 judges) ; 46, a value of 14 (deemed 
essential by 4, and desirable by 1); and 
17, a value of 13 (deemed essential by 
3, and desirable by 2). 

2. Of the 103 principles which received 
13, 14, or 15 as their aggregate values, 
72, or 69.9 per cent, are principles of 
physics; 25, or 24.2 per cent, are prin- 
ciples of chemistry ; and 6, or 5.8 per cent, 
are principles of geology. 

3. Of the 40 principles which were 
deemed essential by all judges, and hence 
received 15 as an aggregate value, 26, or 
65.0 per cent, are principles of physics; 
11, or 27.5 per cent, are principles of chem- 
istry; and 3, or 7.5 per cent, are principles 


of geology. 
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(To Be Continued ) 


i) 


OBJECTIVES STUDENTS SEEK IN PHYSICS SURVEY 
COURSES 


WILLARD GEER 


Physics Department, University of Southern California, 


Los Angeles, 


HE impact of recent developments in 
Epon upon all branches of study from 
International Relations to Business Man- 
agement, from Fine Arts to Jurisprudence, 
from Journalism to Religion, has resulted 
in the need for a re-thinking and re- 
evaluation concerning the survey type of 
course in physics which has been finding 
an increasing demand for the past decade 
in college curricula. That the non-science 
student should have an adequate back- 
ground in science if he is to take a proper 
place in the new science-conscious and 
science-dominated world of today, educa- 
tors agree; but just what these courses 
should attempt specifically has posed a 
severe problem to administrators, both de- 
partmental and institutional, in our Ameri- 
can colleges. There has been no easy 
solution, since little data on objectives has 


been available. 


Lacking such data, too 


California 


often, perhaps, decisions upon objectives 
have been the matter of whim of an in- 
dividual instructor’s hobby or interest, or, 
worse still, decisions have been based upon 
the feeling that the course is a “necessary 
evil” arbitrarily assigned as a teaching ob- 
ligation, and is best got out of the way 
with as little attention as possible. A 
study of the field has convinced the author 
that too often instructors in these survey 
courses approach their students with only 
the concept of physics which they them- 
selves experienced as they worked toward 
their advanced degrees. 

It has been felt that one approach to 
the problem would be to canvass the stu- 
dents themselves to determine if possible 
the needs they feel in such courses. Since 
the students in large classes in these survey 
courses represent such a wide divergence 
in interests, academic major subjects and 
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preparatory background in the science and 
non-science fields, a cross-section of their 
felt needs might make a fairly good com- 
posite of objectives needed for this course. 
To determine objectives in this fashion, 
150 students in the three survey courses 
in physics at the University of Southern 
California were asked to list the objectives 
which they consider important in this 
course. This was done at the opening 
period of the semester in order to avoid 
any prejudice toward certain objectives 
which might be discussed later as particu- 
larly desirable or undesirable from the 
student or instructor viewpoint. 

Whereas hundreds of objectives were 
proposed by the students, a careful classi- 
fication of these and a rewording where 
the intent was clearly evident, made it pos- 
sible to classify all objectives under only 
nineteen statements. These nineteen ob- 
jectives together with three more objectives 
which are generally considered primary in 
the ordinary classical physics courses, were 
mimeographed and returned to the stu- 
dents: with instructions to mark each ob- 
jective listed according to the emphasis he 
thought it should deserve. Thus a student 
who may have overlooked some objective 
on the original list he proposed, may now 
realize its importance and mark it as of 
some relative merit on the new list. One 
hundred and _ thirty-one questionnaires 
were returned in time to be used in this 
study. 

Table I shows the list of the twenty-two 
objectives presented to the students for 
consideration, together with the student 
rating of such objectives, as well as the 
number of students who gave each rating. 
The rating next to the column at the far 
right of the table was arrived at by classi- 
fying the “very high” with a numerical 
value of “4,” “high” as “3,” ete, and 
the score arrived at by multiplying the 
numerical value of the rank by the number 
of students voting for it, and then dividing 
by the total number of students voting 
in all ranks upon that particular objective ; 
for example, if the average rate of “2.0” 
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appears, it means that the average rating 
given it by the entire class was “medium 
importance,” and “2.5” would indicate 
that the class rated the objective as 


half way between “medium” and “high” 
in importance. 

The “very high” rating given “general 
knowledge,” the second place given to 
“how things work” and the third place 
to “fundamental laws and principles” seem 
to show definitely that the students have 
a serious desire to know about science, its 
laws and principles and how they are ap- 
plied. There seems also to be a proof 
of a desire for an “applied physics’ course 
in certain of the first-choice ratings, as 
well as in the ranking of “physics of the 
home” with a score of 2.3 which places it 
in the category of higher than medium 
importance. 

The group of objectives concerned with 
personal adjustment in the newly forming 
world of science were also ranked high, 
second only to the general knowledge 
group. It is interesting to note the close- 
ness of rank and score for all of these 
personal adjustment objectives. 

In the group of objectives bearing upon 
scientists and their work, there is the most 
striking difference in the demand for em- 
phasis upon the future and the unconcern 
with the historical background of science. 
The relatively low rating of “vital need 
for research” was a disappointment to the 
instructor of the course, because he rates 
it as of high importance and one of the 
great opportunities of the science instruc- 
tors to enlist the interest of future laymen 
in the support of scientific work. 

In the fourth group of objectives one 
finds those expected in a general elemen- 
tary physics course. Three of these were 
not proposed on the original list handed 
in by the students and were added arbi- 
trarily by the instructor in order to test 
the judgment of the students participating 
in the final vote. The last four were all 
rated lowest in the entire canvass of stu- 
dents. Apparently the only reason why 


these objectives received any individual 
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TABLE I 


STUDENT OBJECTIVES IN SuRVEY Puysics 


Objectives Distribution of Student Opinion 

Group I:* 

1. General knowledge 

2. Understanding fundamental laws and principles 

3. Understanding how mechani¢al and electrical 
devices around us work 

4. Understanding physical principles of the home 

5. To give a wide preview of physics 

Group II: 

6. To give a preview of physics as a basis for 
future interests 

7. To provide an insight into future developments 

8. To give students ability to use scientific method 
in solving problems (non-mathematical ) 

9. To enable students to avoid emotional, prejudi- 
cial thinking 

10. To enable students to avoid quackeries, super- 
stitions and needless fears 

11. To give students an adequate scientific vocab- 
ulary 

12. To provide an adequate background for cur- 
rent scientfiic literature in newspapers and 
periodicals 

13. To give students ability to converse intelli- 
gently with men working in scientific fields 


Group III: 

14. To relate physics with other sciences 

15. To show historical effect of science upon 
thought and action 

16. To give an appreciation of the work of science 

17. To realize the vital need for research 

18. Knowledge of living scientists and their work 

19. To make home repairs 

20. To develop skill in solving mathematical prob- 
lems 

21. To develop skill in manipulating apparatus 

22. To lay a foundation for future courses in 
physics 


Average 
Very Me- Point 
High High dium Low Zero Score Rank 
(4) (3) (2) (1) (0) 


68 26 23 F 1 3.38 l 
29 49 42 4 3 2.64 3 
28 48 50 2 0 2.79 2 
17 37 48 18 6 2.28 11 
17 23 44 33 12 1.99 15 
22 25 55 25 4 2.48 5 
22 44 13 + 2.de 10 
21 34 42 25 5 2.37 6.5 
29 32 28 23 11 2.26 12 
28 32 35 21 12 2.36 8 
22 41 52 11 4 2.30 4 
23 57 39 9 3 2.37 6.5 
10 43 50 17 6 2.34 9 
1] 18 45 35 11 1.96 16.5 
5 20 42 42 17 1.64 21 

8 23 70 20 5 2.06 14 
13 21 38 31 13 1.84 18 
5 23 59 35 7 1.46 16.5 
24 31 33 30 10 2.12 13 

5 22 45 35 21 1.65 20 
8 19 52 34 14 1.74 19 

7 16 30 30 46 1.28 22 


* These objectives were presented to the students in a questionnaire without this particular 
grouping or this particular order. The groupings were made later by the author to facilitate discus- 


sion of the results. 


high ratings was because a small group of 
six students, all engineering and mathe- 
matics majors, due to special circumstances 
were allowed in this course to make up 
deficiencies in high school physics. All of 
these students placed these four objectives 
high on their rating scale. It is interesting 
to note that this same group of students 
placed the objectives having to do with 
use of the scientific method in problem 
solving, scientific vocabulary, adequate 
background for scientific literature in the 
next highest rank order. 

survey 


Non-science majors entering 





physics courses seem to have also very defi- 
nite objectives which they expect from the 
course and they seem to be generally in 
agreement upon them. They all place 
“general knowledge” as most important 
and regard skills in laboratory practice and 
problem-solving as very low on the list. 
Objectives concerned with living in the 
new world of science are all placed high 
on the list, whereas the work of scientists 
and topics concerned with an appreciation 
of science they place in only the medium 
emphasis group. They seem to be defi- 
nitely against any presentation of the his- 
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torical approach, but do want some prepa- 
ration for an insight into the future of 
science. 

It was thought that important value 
might be obtained for teachers of survey 
courses in physics if rankings on these ob- 
jectives could be studied with regard to 
the major studies of the students ranking 
them. All groups, regardless of their 


majors, placed “general knowledge” as 
highest, except the English majors, who 
placed avoidance of emotional and preju- 
dicial thinking first. 
ground for scientific literature and ability 


An adequate back- 


to converse with the scientific man were 
ranked high by students majoring in jour- 
nalism, philosophy, sociology, physical 
therapy, drama, cinema, and music. Low 
ranking was given to freedom from emo- 
tional and prejudicial thinking and avoid- 
ance of quackeries and groundless fears by 
majors in physical therapy, commerce, and 
mathematics. 

Here at the University of Southern 
California we are attempting to meet the 
objectives sought in Group I with the 
usual classroom methods of lecture, demon- 
stration, and textbook study. Fundamental 
principles are explained as much as pos- 
sible in terms of examples taken from the 
students’ home environments or from their 
automobiles. General knowledge is stressed 
by weekly quizzes of the completion or 
multiple choice variety. Reports on their 
reading of current scientific literature (1.e., 
articles from current periodicals and books 
on scientific topics) are required and their 
increase in scientific vocabulary is checked 
by brief quizzes. Most discussions of cur- 
rent happenings in science are closed with 
some attention being given to what future 


developments can or cannot be expected 
from that field. 
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The use of the scientific method in the 
solving of personal problems is one ob- 
jective which the author feels unable to 
stress as effectively as it should be in the 
classroom discussion method alone. How- 
ever, he attempts to hold three personal 
conferences with each student during the 
course and has found that many times in 
these conferences opportunity arises to 
show in a very practical fashion how to 
avoid prejudicial thinking and to use the 
scientific approach in problem solving. 
During the school year, the quackeries and 
superstitions common to this geographical 
location come in for some stern discussion 
which seems to be very helpful to and 
appreciated by the classes. 

Student opinion at the start of the course 
placed certain of the topics in Group II 
rather low, and the author feels that this 
presents to him a challenge in stimulating 
interest in these items. He feels that this 
can be done through discussion of current 
events and present national and world 
problems in the light of what an applica- 
tion of the scientific method might yield 
as a solution. 

Objectives listed in Group IV are given 
little or no emphasis since they are pri- 
marily objectives in technical and academic 
physics courses. By laying emphasis in 
this course on the general knowledge about 
physics, its application to daily life, and 
attempting to stimulate the students in a 
respect and appreciation of the applicability 
of its methods to the solution of personal 
and community problems, the author feels 
that this course can be a distinct contribu- 
tion not only to the general liberal arts 
course but also to the professional courses 
which need good “lay” studies in science 
to prepare students for adequate participa- 
tion in the present day life in an ever un- 
folding scientific environment. 








PROPOSED INTEGRATION OF BIOLOGY WORKBOOK AND 


STUDY MATERIALS WITH SPECIALLY DESIGNED 
READING PROCEDURES FOR THE COURSE 


M. G. McFappen 
Heights High School, Cleveland Heights, Ohio 


—— trends in educational literature, 
concerning the teaching of Biology, 
extol the virtues of teaching for the under- 
standing of some one hundred major con- 
cepts of the subject. Martin! and Olds * 
have made studies which go far towards 
the determination of what principles might 
logically be incorporated in the secondary 
school. 

Much of the basic information-vocab- 
ulary, facts, organization of factual ma- 
terial (and resulting association in thie 
building of concepts), inductive or sequen- 
tial development of experiments (or dem- 
onstrations), will depend upon efficient 
reading procedures. Strang* says that: 
“To read scientific materials efficiently, 
four important skills are necessary: to in- 
crease one‘s vocabulary, to get facts, to 
organize the facts logically, and to follow 
directions.” 

McCullough, Strang and Traxler * list 
thirteen types of textbook materials in the 
reading of science which are written with 
almost the conciseness of mathematics and 
(which inferentially at least) are handi- 
caps not only in reading but also in master- 
ing subject content. These are listed as: 
laws (of science,) definitions, formulas, 
lists of characteristics of various groups, 
lists of the names of members of various 

1 Martin, W. Edgar. “A Determination of the 
Principles of the Biological Sciences of Impor- 
tance for General Education.” Science Educa- 
tion, Vol. XXIX, April-May, 1945. 

2 Olds, R. G. “The Principles of Biology for 
Secondary Science Instruction.” Unpublished 
Master’s thesis, Colorado State College of Edu- 
cation, Greeley, 1936. 

3 Strang, Ruth. Study Type of Reading Exer- 
cises. Bureau of Publications, Teachers College, 
Columbia University. 

4 McCullough, C. M., Strang, R. M., Traxler 


A. E. Problems in the Improvement of Reading. 
McGraw-Hill Book Company, 1946. p. 75. 
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groups, text passages that are descriptive 
and expanded, steps to be taken in experi- 
ments, steps in the life story of a plant or 
animal, processes that have produced inani- 
mate forms (such as conglomerate rock, ) 
facts on the basis of which the student 
must make his own generalizations or in- 
ferences, scientist's biography, diagrams or 
labeled drawings, pictures (and captions) 
of stages in a life cycle or experiment. 
Such diverse materials require teaching 
of content reading in accordance with ap- 
proved techniques. The science teaclier 
must be expert, not only in his field, but 
also in the application of subject matter in 
accordance with the reading level of the in- 
dividual student. Most science teachers have 
little concerned themselves with reading 
readiness for their subjects. Special classes 
for remedial reading instruction have been 
of considerable assistance in some schools, 
but more and more evidence is piling up 
to show that teachers of content subjects 
must do a major part in the instruction of 
corrective reading for their special needs. 
They must reorganize their courses of 
study to provide optional reading materials 
for each child not up to the reading level 
of the textbook generally used. Failing 
such pupils is not the answer. The public 
expects children to be taught in accord- 
ance with their individual levels of achieve- 
ment. The school is faced with the re- 
sponsibility of seeing that each pupil 
achieves in accordance with his _intelli- 
gence level. If the reading level is below 
its possibilities, each teacher must be ex- 
pected to do something about correcting 
the deficiencies: Traxler® recommends a 
5 Traxler, A. E. The Teaching of Corrective 
Reading in Junior and Senior High Schools. 
Public School Publishing Company, 1942. 
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corrective reading program, not as a spe- 
cial program for the lowest group in 
achievement, but as a general program for 
the school, excepting only those pupils at 
the top in reading achievement. He recom- 
mends that at least one reading test be 
given at the beginning of such a school 
program and another at the completion of 
any special course. 

Curtis ® lists eight reading procedures 
for attack in science teaching: 1. Effective 
orientation ; 2. Developing a scientific vo- 
cabulary; 3. Training the pupils to com- 
prehend and follow directions; 4. Teach- 
ing the pupils how to interpret diagrams 
and graphs; 5. Helping the pupils to com- 
prehend problems; 6. Effecting an under- 
standing of formulas and equations; 7. 
Making sure that the pupils can use in- 
dexes, glossaries, and reference materials ; 
8. Establishing the ideal of concentration. 

The English departments cannot be ex- 
pected to do too much of the type of train- 
ing described by Curtis although attempts 
are made in some of the more progressive 
schools to broaden such instruction. In 
some schools, classes are taken to the li- 
brary by English teachers and librarians 
and teachers cooperate in teaching the use 
of supplementary materials, special refer- 
ences, glossaries, and dictionary study. 

Additional help in mastering common 
root-words, prefixes and suffixes, also gen- 
eral training in understanding, interpreting 
and organizing ideas, are fields in which 
the English departments might assist teach- 
ers of content subjects. 

Johnson? and Patton’ have organized 
workbooks which are forerunners for such 
training and which promise much improve- 
ment in providing skill reading practice. 

®Curtis, F. D. “The Improvement of Reading 
in the Field of Science.” Chapter 8 in the 1944 
Report of the North Central Association of 
Secondary Schools and Colleges, Attacking 
Reading Problems in Secondary Schools. 

7 Johnson, E. A. Modern Reading: A Reading 
Skill Text. Charles E. Merrill Company. 

8 Patton, D. H. Progressive Word Mastery: 
Word Study for Secondary Schools. Charles E. 
Merrill Company. 
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*. 1 has made a study of biolog- 


Yancey 
ical Latin and Greek words. Reprints are 
available for use by biology and Latin 
teachers. These booklets are. helpful in 
motivating word study and in providing 
information for associations which give 
meaning to words. However far too many 
new words are incorporated in biology ref- 
erences. It is up to the biologists to decide 
which have to be taught and then to teach 
them with full meaning. Otherwise 
vaguely-known terminology will continue to 
obstruct understanding of major concepts. 

There is reason for concern at the rate 
in which written-down types of general sci- 
ence texts are being adopted for elemen- 
tary schools where a large proportion of 
teachers do not have sufficient training in 
elementary science to handle the instruc- 
tion properly. Some of the instruction may 
do harm to reading habits as well as mis- 
inform in science. It is quite the same 
situation in which college biology was orig- 
inally handed down to the high school ; tra- 
ditions and methods remain too much the 
same, today. 

The Basic Science Education Series ™ 
is an attempt to fit proper reading mate- 


rials, in science, to the reading levels of 


various grades and to place instruction 


more on a plane of reading to fit the in- 
dividual rather than upon the traditional 
approaches. The careful attention to grade 
level is to be commended. 

Relatively little is known about class- 
room achievement in biology classes except 
in the accumulation of facts. Most tests 
in the field relate to isolated facts, largely 
testing memory rather than judgment, rea- 


soning, associations, improvement of un- 


® Yancey, Dr. P. H. “Introduction to Biologi- 
cal Latin and Greek.” Reprinted from Bios by 
F. G. Brooks, Mt. Vernon, Lowa. 

10 Yancey, Dr. P. H. “Origins from Mythol- 
ogy of Biological Names and Terms.” Reprinted 
from Bios. 

11 Parker, B. M., and Blough, G. O. The 
Basic Science Education Scries. More than 
seventy individually titled booklets (primary to 
junior high levels). Row Peterson and Com- 
pany, Evanston, Illinois. 
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derstanding in reading, or of major con- 
cepts. 

Sones and Harry!” in section D of “Gen- 
eral Principles that Explain the Phenom- 
ena of Nature” utilize an idea for asso- 
ciating facts to major concepts to which 
the facts belong. Special tests of this kind 
for biology principles would assist in de- 
veloping the unit concept of the subject, 
so long ago expounded by Morrison. 

Research and development of new kinds 
of tests in biology is greatly needed in 
order that we may know what we are ac- 
complishing. Enough evidence is at hand 
to show that isolated facts are poorly 
learned and soon forgotten. Isn’t it there- 
fore time to emphasize other skills which 
show greater promise? Biology instruc- 
tion is like general science in that they 
both need a “tieing together” of their units 
and concepts. 

It is suggested that the following types 
of tests be devised for biology: 

1. Matching: essential words and defi- 
nitions. 


bo 


Judgment of facts of science versus 

pseudo-science or superstition. 

3. Knowledge of the meaning of com- 
mon affixes, combining forms, and 
root origins of biological terms. 

4. Knowledge of the dictionary as a 
general reference book. 

5. Interpretation and rates of reading 
materials in biology. 

6. Ability to follow directions and to 
understand why certain sequences 
are necessary. 

7. Interpretation of graphs and tables. 

8. Identification of pictures and their 
parts. 

9. Recall and understanding of film 
content and relationship to particu- 
lar science understandings. 

10. Why certain expressions are faulty 
and what is wrong with certain al- 
tered pictures. 

11. Ability to apply knowledge. 

12 Sones, W. W. D., and Harry, Dr. D. P. 


High School Achievement Test. World Book 
Company, Yonkers, New York. 
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12. Reading readiness for biology. 

13. Sentence meaning. 

14. Central thought of paragraphs in 
biology. 


— 
cn 


Application of facts to the correct 
concepts. 
16. Location of information for biology. 


It is believed that the above types of 
tests will rather adequately cover the re- 
quirements laid down by the National So- 
ciety for the Study of Education.’* The 
recommendations for testing science-under- 
standings as outcomes of instruction cover 
the following topics: 1. ability to general- 
ize; 2. make predictions; 3. judge valid- 
ity; 4. formulate hypothesis; 5. judge va- 
lidity of sources of information. 

Reading and interpretation of reading 
materials play a most important function in 
providing information upon which the 
above outcomes may become possible. 

Proper testing for specific outcomes 
and attention to procedures in the class- 
room and of the learning process should 
bring about radical changes from tradi- 
tional drill on unrelated facts. Better test- 
ing for outcomes may finally bring about 
a better and more-integrated body of sub- 
ject matter completely adjusted to second- 
ary-school needs. Tests which now par- 
tially serve these needs are listed under 
references (14 to 22). 

The G. E. D. reading test * provides a 
test for reading in the sciences as one of 
the battery of tests covering general high 
school achievement as a basis for determin- 
ing general ability to pursue higher edu- 
cation. 

The Traxler’ and Van Wagenen' 


6 

13 National Society for the Study of Educa- 
tion. Yearbook XLV, Part I, Chapter VI. 
Measurement of Understanding in Science. 
University of Chicago Press, Chicago, Illinois. 

14 Interpretation of Reading Materials in the 
Natural Sciences, High School Level Forms A 
and B. General Education Development. 
USAFI Distributed by Cooperative Test Service, 
15 Amsterdam Ave., New York, New York. 

15 Traxler, Arthur E. Traxler Reading Tests. 
Public School Publishing Company, Blooming- 
ton, Illinois, 1934-1942. 

16 Van Wagenen, M. J. Van Wagenen Read- 
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tests may be used to determine, to a con- 
siderable extent, reading achievement at 
the completion of a course-of-study as com- 
pared to reading achievement level at the 
beginning. 

The “Cooperative Biology Test” '* is a 
standardized test of achievement. It con- 
sists largely of multiple choice and of 
labeled-drawing types of tests. 

The Blaisdell and the Bagby, Cope, 
Hann and Stoddard tests,'* '* are booklet 
tests covering units generally included in 
general-biology courses. The unit-tests 
are objective and are representative of 
those often developed and mimeographed 
by teachers, minus mistakes of facts and 
of English. 

The “Instructional Tests in Biology” *° 
include some excellent examples of unit 


tests such as judging “scientific truths” 


from “untested beliefs” also picture identi- 
fication tests in which terminology and 
scientific principles are matched to num- 
bered illustrations. 

The Harcourt, Brace and Company *! 
and Webster Publishing Company *° tests 
are designed to accompany particular texts 
of these companies. The former consists 
of tests for “mastery of facts,” “ability to 
think scientifically” and “ability to apply 
knowledge.”” A fine example of a test for 
“ability to apply knowledge” is given on 
page 33 of the Harcourt test. This 


ing Scales. Educational Test Bureau, Minne- 
apolis, Minnesota, 1938. 

17 Fitzpatrick, F. L., and Powers, S. R. 
Cooperative Biology Test. Cooperative Test 
Service. 

18 Blaisdell, J. G. Instructional Tests in Biol- 
ogy. World Book Company. 

19 Bagby, Cope, Hann, and Stoddard. Dis- 
covery Problems in Biology. Unit Tests, Series 
B. College Entrance Book Company, New York, 
New York, 1943. 

20 Sloan, P. W., Rentsch, L. J., and Gilman, 
P. R. Instructional Tests in Biology. Rand 
McNally and Company, Chicago, Illinois, 1944. 

21 _ Tests to Accompany Exploring Biol- 
ogy. Harcourt, Brace and Company, New York, 
New York, 1939. 

22 Tests on Our World of Living 
Things. Webster Publishing Company, St. Louis, 
Missouri, 1937. 
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example consists of reading a paragraph 
detailing the steps of an experiment or 
demonstration previously performed, fol- 
lowed by questions which attempt to deter- 
mine sequence of reasoning; whether the 
sentence stated a reasonably certain con- 
clusion to be drawn from the facts given; 
if the statement is not actually contradicted 
by the facts but otherwise reasonably cer- 
tain; if the statement is actually proved 
false by the given facts. The Webster 
tests cover “facts and principles,” by com- 
pletion of statements; “vocabulary” by 
matching ; and “application of knowledge” 
by yes, no or +, O answers to questions 
based on paragraphs of reading matter: 
Norms have not been established for these 
tests. 

Biology teachers are most often trained 
in their college courses to consider general 
biology as a separate body of information 
largely learned by experimentation and 
observation. 

In the high school, a greater part of 
instruction and learning is developed 
through the reading process. Most of the 
testing has been a matter of testing stu- 
dents’ understandings of facts which they 
read. 

The biology course-of-study must be 
broadened to include other processes of 
learning through experimentation, _ field 
trips, observation, visual and auditory 
materials. 

The instruction in reading and the test- 
ing, thereof, must be planned, integrated 
and _ utilized according to scientific and 
educational procedures. If reading readi- 
ness for biology is lacking in the pupil, he 
must be trained to read and comprehend 
to his greatest capacity. Otherwise, the 
course may be of greater harm than benefit 
to him. 

The workbook might well contain perti- 
nent passages of reading material for each 
unit, accompanied by testing programs 
similar to those worked out for the Co- 
operative English Tests or other good tests 
of reading. 
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PROPOSED RATING-SHEET FOR TEXT OR WORKBOOK IN BIOLOGY FOR 
SECONDARY SCHOOLS 


PE iced cubase wow en NS nccaleu daeaewewgen BGS \ cicncaa se se Ne bale PEMES caab ewes 
1. Reading-material, comparatively, not above grade level of students (15 points). 
2. Overly-difficult terminology limited to major concepts for which simpler terms are not substi 


tutable (10 points). 

New words listed for each problem or unit and syllabication emphasized (10 points). 

Provisions made for easier and more difficult readings to fit needs of individual reading-levels of 

students (10 points). 

Units developed in a sequence for cumulative understanding of subject content and pupil interests 

to fit objectives of the course (15 points). 

Physical properties—size and type of print, length of line and sentence, binding (10 points). 

Illustrations, glossary of defined terms and index in keeping with better standards of study 

procedures (10 points). 

Provisions made for integration of and supplementation with teaching films, museum study, 

classroom experiments, observations, special reports and outside readings (10 points). 

Provisions for a testing program to cover reading understandings—rate, comprehension, and 

vocabulary by utilization of passages in the textbook (5 points). 

Testing or work program to cover unit subject-material and semester finals (5 points). 
Two samples of upper-level objective-tests are as follows: 


VocaBuLARY Test: PRINCIPLES OF HUMAN BIOLOGY 


adrenals 1. The liver has the same relationship to the bile duct that the 
alveoli kidneys have to the (33). 

amino acids 2. The process by which oxygen is exchanged between the blood and 
capillaries body cells is called (30). 

corpuscles 3. Most ductless glands are known to secrete into the blood certain 
digestion body-regulators called (15). 

endocrincs 4. The end products of the digestion of proteins are called (3). 
enzymes 5. A gland which functions both as a ductless gland and as a diges- 
excretion tive gland is the (22). 

fibrinogen 6. The liver stores starchy food in a chemical form known as (13). 
gall bladder 7. Bile is stored, until needed by the intestines, in a sac-like structure 
glomerulus called the (11). 

glycogen 8. The tiny air sacs of the lungs are called (2). 

hemoglobin 9. An air sac in the lungs is surrounded by tiny blood vessels 
hormones called (4). 

insulin 10. The process through which kidneys dispose of urine is known 
leucocytes as (9). 

lymph 11. A protein substance of the blood which clots when exposed to 
nitrogen air is (10). 

osmosis 12. Digestive chemical substances, in the secretions of digestive 
oxidation glands, are called (8). 

pancreas 13. Oxygen is carried in the red corpuscles as a compound which is 
pepsin known as oxy- (14). 

phosphorus 14. Body regulating substances which come from natural sources from 
pituitary outside the body are called (35). 

photosynthesis 15. The process of food production (in which the name is derived 
protein from Greek words meaning light+change) is (26). 
protoplasm 16. Ductless glands which secrete body-regulating chemicals directly 
rennin into the blood are properly called (7). 

respiration 17. The process by which soluble food is taken into villi by diffusion 
salivary glands through cell walls is (20). 

thyroxin 18. The gland which generally regulates growth and exercises con- 
ureters siderable influence on other ductless glands is the (25). 

uric acid 19. The substance which controls the amount of sugar in the blood, 
vitamins and which prevents diabetes, is called (16). 


20. The process in which an element combines with other elements, to 
release energy in cells of the body, is called (21). 

21. An element which comes from the soil via plants and which is the 
outstanding element in proteins is (19). 

A substance of which body cells are composed is (28). 
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Directions: 
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VocABULARY TEST: 
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PRINCIPLES OF HUMAN BIOLOGY—Continued 


A substance which curdles milk and which digests milk protein 
in the stomach is called (29). 

The three pairs of glands which secrete a digestive fluid into the 
mouth are called (31). 

The process in which food is reduced to its simplest chemical 
form so that it can be absorbed by villi is called (6). 


MatcuHiInG Test: Heicuts Hicu ScuHoo1 


RECOGNIZING THE CENTRAL THOUGHT IN PRINCIPLES OF BIOLOGY 


Number your answer sheet to 25. The words and phrases of Column I have been 
studied this semester. 


The student will attempt to match the concepts stated in 


Column II to the word or phrase in Column I which best relates to the principle. Write 
the number of the word or phrase in Column I (which best covers the central thought 


of each principle) 


Column I (main idea) 


adaptation to environment 
anaerobic organisms 
biochemistry 
biological complexity 
carbon cycle 

cell structure 
circulation 
conservation of energy 
digestion 

endocrines 

excretion 

life’s necessities 
metabolism 

nervous system 
nitrogen fixation 
nutrition 

osmosis 

oxidation 
photosynthesis 
respiration 

survival of the fittest 
zoogeography 


on 


16. 


your answer sheet. 


Column II (Principles) 


Food, oxygen, certain conditions of temperature, moisture, and 


light, are essential to life of most living things. i. Cia) 
The energy which makes possible the activity of living things 
comes from the sun. 2. (19) 
All living cells require oxygen to provide energy or to build new 
protoplasm. 3. (18) 


Energy and matter are not created or destroyed in the reactions 
associated with the life processes but are passed on from organism 
to organism. 4. (8) 
Enzymes, or organic catalysts, which are made by the organisms 
themselves, take part in and speed up chemical reactions in the 
alimentary canals of higher animals and in cells of plants or 
protozoa, 5. (9) 
Vitamins and hormones are chemical regulators (stimulators and 
suppressors of the reactions that occur in living organisms). 6.(3) 
Interrelated neurons, in higher animals, form a complex system 
through which every organ of the body is in connection and coor- 
dinated with every other organ. 7. (14) 
Protoplasm is the physical basis of all life. 8. (6) 
All the higher forms of terrestrial life are dependent either 
directly or indirectly on the soil bacteria which grow on the roots 


of legume plants. 9. (15) 
All living things respond to stimuli which make survival 
possible. 10. (1) 


Throughout the life of every organism, there is a building up 
and a tearing down of protoplasm with constant transformation 
of energy. 11. (13) 
Combustion furnishes the essential source of heat in the animal 
body; and other factors remaining constant, the more heat so 
produced the warmer the animal body. 12. (18) 
The diffusion of molecules of a solvent (usually water) through 
a selectively-permeable membrane from the point of higher con- 
centration of the solvent (but lower density) to a point of lower 
concentration, with a stoppage of the flow of molecules of the 
solute, is a basic process in plant and animal physiology. 13. (17) 
The secretions of ductless glands are absorbed directly into the 
blood stream from the gland tissue that produces them and are 
absorbed from the blood by the tissues of the organs whose activi- 
ties are regulated by these substances. 14. (10) 
Diffusion, the spread of fluids with their dissolved substances 
throughout the protoplasm of a cell, is an important method of 
conveying waste material from the place where they formed to the 
place where they may be eliminated. 15. (11) 
Diffusion, the spread of fluids with their dissolved substances 
throughout the protoplasm of a cell, is an important method in 
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the conveying of oxygen from the surface of a cell to the interior 
and the exchanging of carbon dioxide and oxygen through celi 
walls. 16. (20) 
Carbon dioxide set free during respiration of animals and decom- 
position of carbon compounds of organisms provides a replenish- 


ment of carbon in the atmosphere in the form of COs. Thus 
carbon is continually subjected to a series of cyclic changes from 
living to non-living substances. 17. (5) 


A few parasitic animals, and a number of bacteria and fungi can 
extract the oxygen needed for their energy production from 
organic substances on which they feed. 18. (2) 
Food requirements of every living thing are: fuels for energy; 
materials for growth and replacement of tissue; minerals for 
cell structures, cell products and for lymph, the bathing fluid of 
cells. 19. (16) 
With increase of size and complexity of the body of an organism 
there goes a corresponding elaboration of the transportation 
system. 20. (7) 
In the presence of sunlight, the chloroplasts of chlorophyll-bearing 
plants convert COs and H:O into intermediate substances, and 
these into sugar, and that into starch, and liberate oxygen; thus 
directly or indirectly producing practically all the food in the 
world. 21. (19) 
Cells are organized into tissues, tissues into organs and organs 
into systems, the better to carry on the functions of complex 
organisms. 22. (4) 
In organisms the end products of the building and oxidizing of 
protoplasm: water, COs and N compounds, are either stored in 
cells as insoluble crystals, are eliminated in solution by diffusion, 
or osmosis (excretion), are incorporated into useful cell products 
(secretion), or are recombined into food substances within the 
organism. 23. (13) 
Carbon dioxide set free during respiration of animals is absorbed 
by plants and used as a raw material in the development of new 
compounds which are in turn capable of providing energy sources 
for animals. 24. (19) 
The range of temperatures in living things is very narrow as 
compared to the range of temperatures of outside air, but living 
things have generally made adjustments to their living conditions 
so that survival of species goes on from generation to generation 
with little change. 25. (1) 


NOBEL PRIZEWINNERS 


Ian Cox 


outstanding ganic chemists, we owe leadership in the 


and chemis- field of synthesis, whereby complicated 
try have been awarded this year to two substances occurring in nature can be built 
Englishmen—Sir Edward Appleton and up from simple molecules in the labora- 


tory—clearly a tremendous potential aid to 


Appleton’s work in elucidating how medicine and physiology as well as to aca- 
wireless waves travel made long distance demical studies. 
radio communication the precision method At home in Britain, Appleton is head 
for up-to-the-minute international contact, of the Government organization respon- 
and led to the development of radar. To sible for the applications of science to 
Robinson, one of the greatest living or- national needs. Robinson can be regarded 
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as the head of academical science in Britain, 
for he is President of the Royal Society. 

soth have been widely honored in other 
countries beside their own; and Apple- 
ton’s work has been noticed particularly in 
the United States where the signal honor 
of the Medal of Merit-—the highest civilian 
award—was given him this year for his 
arly work on radar and for his services in 
promoting Anglo-American scientific col- 
laboration during World War II. 

3oth men are from the North country, 
from which they have drawn different 
characteristics: Appleton stocky, genial 
and wise, Robinson spare, active and with 
a brain as quick in business matters as in 
No affecta- 
tion has followed the great achievements 


his own subject, chemistry. 
of either of them. They are friendly, 
approachable, and neither, I suspect, would 
be recognized as distinguished professors 
at first sight. 

The story of Appleton’s discoveries 
starts during the last war when, as a 
Signals Officer, he came up against the 
fading of wireless signals and determined 
to find the explanation for them. At that 
time it was believed by many that wireless 
waves flew off the earth at a tangent and 
got lost. Mathematicians had even proved 
that Marconi’s sending signals from Eng- 
land to Newfoundland was impossible. 
Heaviside in England and Kennelly in the 
United States had independently sug- 
gested that there might be a reflecting layer 
in the upper atmosphere which returned 
the waves to the ground, but neither of 
By 1924, Appleton and 
his co-workers had not only proved the 


them proved it. 


existence of this layer—-the “Heaviside 
layer’—but had measured its height 
above the ground as 60 miles. From here, 
Appleton went on to show that shorter 
wavelengths than the ones he had used 
previously penetrated the Heaviside layer 
but were reflected back to earth from 
higher up. This established another 
layer—the “Appleton layer” —- ranging 
from about 150 to 280 miles above the 


ground. It is on reflection from this that 


Two NosBet PRIZEWINNERS 
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all long distance radio working now de- 
pends. Nor did Appleton’s work stop 
there. Further researches have shown, 
for instance, that ionospheric reflecting 
power varies with sunspot activity, and 
that sunspots themselves are powerful 
emitters of short waves. These discov- 
eries have led directly to the possibility of 
ionospheric forecasting in which 40 sta 
tions all over the world are now cooperat- 
ing. The information they produce is of 
immense value because it enables the pre 
diction of the most suitable wavelengths 
for communication over any particular long 
distance radio cricuit at any desired time 

Robinson, except for a short period 
when he was research director of a dye- 
stuffs corporation, has always held aca- 
demical appointments, being Professor in 
Sydney, Australia, and several British 
Universities before his election to the 
Chair at Oxford, which he still occupies 

During the last war he discovered, in 
work now classical, a simple synthesis for 
tropinone, a substance that can be obtained 
from, and converted into, the plant alka- 
loids atropine and cocaine, so valuable in 
medicine. Before he started this, however, 
he had worked out a theory to explain how 
the plant itself might build up these sub- 
stances and it was this that guided him in 
his laboratory synthesis. Fifteen years 
later it was proved that the sequence ol 
reactions he postulated does actually occur 
in the living plant. While working on 
plant alkaloids, Robinson also studied 
morphine and established the structural 
formula for strychnine and brucine. 

A few years later he took up the chal 
lenge of accounting for the red, violet and 
blue colors of flowers. The coloring mat- 
ters are called “anthocyanins” and they 
combine with both acids and alkalis, being 
red in acid solution and blue or violet in 
alkaline. This partially explains how it 
may be that blue cornflowers, for example, 
and red roses are colored by the same 
anthocyanin. Robinson and his wife, who 


is also an organic chemist, synthesized all 
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the anthocyanins and the laboratory-pro- 
duced pigments proved identical with those 
occurring naturally. This work was de- 
scribed at the time as one of the most bril- 
liant achievements in the whole range of 
modern organic chemistry. It made pos- 
sible a survey of the anthocyanins in nature 
and has also been most valuable in studies 
of the inheritance of flower colors. 

More recently Robinson has been work- 
ing on the synthesis of those hormones 


known as oestrogens. One of them— 
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stilboestrol—offers apart from its other 
uses great promise in the treatment of 
cancer of the prostate. 

During the recent war, Robinson was 
not only extremely busy in Government 
advisory work, but also closely connected 
with investigations into the constitution 
of penicillin, and he was chairman of the 
committee whose duty it was to correlate 
This has at last 
been achieved, though as yet by no means 
on a manufacturing scale. 


work on its synthesis. 


FASCINATING STORY OF RECORDING MOVEMENTS OF 
THE EARTH * 


J. J. SHaw 


_ quite a young man I learned 
that there was some kind of ap- 
paratus which could detect an earthquake 
on the other side of the world. I was an 
engineer with a flair for any kind of mech- 
anism. An apparatus so delicate and sensi- 
tive that it could “feel” an occurrence 
12,000 miles away appealed to my imag- 
ination. 

In the summer of 1908 I learned that a 
certain Professor John Milne, home from 
the University of Tokio, had installed a 
seismograph at his home at Shide, in the 
Isle of Wight, which lies off the south 
coast of England. This became the well- 
known “Shide Earthquake Observatory”. 
Milne also joined the British Association 
for the Advancement of Science, and re- 
vived the earlier investigations of earth- 
quakes. By his enthusiasm he induced 
observatories, scientific bodies and cable 
companies in many parts of the world 
to install Milne seismographs. His next 
step was to create under the aegis of the 
British Association, a world-wide organi- 
zation for the study of the science. 

I at once realized here was the man who 
could help me. I found Milne to be a 

*The author is a world-famous British 


Seismologist, whose apparatus recently recorded 
shocks over 5,000 miles from Britain. 


charming man and he gave me so many 
details that I had no difficulty in making 
a start with my own seismograph. The 
sensitive part of a seismograph usually con- 
sists of a pendulum whose axis is nearly 
vertical ; the nearer to the vertical, the more 
sensitive the pendulum becomes. The 
mass swings horizontally, and the pendu- 
lum is coupled at its outer end to the 
short arm of a magnifying lever, the 
pointed end of which records upon a re- 
volving drum. In the modern type of 
seismograph the recording is. done photo- 
graphically. 


EARLY APPARATUS STILL WORKING 

I obtained a suitable piece of iron weigh- 
ing about 280 Ibs. This I used for the 
heavy mass of the pendulum. I then re- 
quired an enlarging lever, which Milne 
impressed upon me must be very light and 
free from friction. I took the balance 
wheel from a watch and fastened it to a 
long wheat straw. On the end of this I 
fixed a pivoted glass pointer, to record on 
smoked paper wrapped on a drum. 

For my drum I found a cylindrical tin 
ideal. A steel knitting needle passed 
through the center formed an excellent 
spindle. Using a cheap clock, an empty 
cotton-reel was substituted for the button 
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at the back for setting the hands. To this 
reel was fixed a thin cord which at the 
other end was wound round the drum. 
In this way the clock turned the reel and 
the reel revolved the drum, with its smoked 
paper covering, at the rate of 2 inches 
per hour. The whole was mounted in a 
small box. 

With this rough apparatus I obtained 
a fine record of the Messina earthquake 
on December 28, 1908. 
a more efficient machine recording both 


I next constructed 


north-south and _ east-west movements. 
Two years later I built a third machine 
which gave an alarm as well as a record of 
earthquakes from any part of the world. 
This design, constructed in 1910, was still 
operating at West Bromwich in 1946. 

I had much correspondence with Pro- 
fessor Milne and visited him on several 
occasions. Milne ultimately invited me to 
see if I could increase the efficiency of his 
well-known seismograph. His machine had 
a horizontal pendulum 40 inches long 
carrying a radial slit at its outer end. This 
oscillated over a fixed transverse slit. 
Through the intersection of the crossed 
slits a point of light fell upon a band of 
moving photographic paper. The pendu- 
lum, but for instrumental friction, was un- 
damped—that is, when the pendulum was 
disturbed by an earthquake it continued 
to oscillate freely, so that the seismogram 
was a mixture of earthquake movement 
and the pendulum’s own vibrations. The 
first step was to remedy this defect in the 
Milne machine. 

In the early years of the century Prince 
Boris Galitzin, at Pulkovo Observatory in 
Russia, had devised a most efficient seis- 
mograph based on entirely new principles. 
The damping of the pendulum movements 
was achieved by adding a strip of copper 
to the pendulum and arranging that its 
movements were made in a strong mag- 
netic field. This had the effect of bring- 
ing the pendulum quickly to rest, or even 
doing so after each oscillation, depending 
upon the amount of the copper immersed 
in the field. I added this device to the 
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Milne machine, but if efficiently damped, 
the movement of the pendulum became too 
At the time this first ma- 
chine was just completed Milne was taken 


much reduced. 


Fortu- 
nately he never knew that the magnifica- 
tion of ground movements by the Milne 
pendulum was too small to permit any 


ill and died within a few days. 


form of damping. 


DEVELOPMENTS 


3efore his death Milne told me _ that 
he had asked the British Association to 
make me a member of the Seismological 
Committee, to which I was elected at the 
next meeting. Professor Milne had filled 
the position of Secretary from the time 
of the Committee’s appointment in 1896. 
At the next annual meeting of the British 
Association I was invited to fill the va- 
cancy, and for 31 years I continued as 
Honorary Secretary until my retirement 
in July 1946. As a result of this came 
my appointment by the Royal Society to 
represent Britain in Seismology at the Tri- 
ennial Meetings of the International As- 
sociation of Geodesy and Geophysics. [| 
met the leading seismologists of many 
countries, including Omori, of Japan, and 
Prince Boris Galitzin, of Russia, who did 
more than any to place seismology on a 
sound mathematical basis. His work upon 
his own design of seismograph and _ his 
mathematical formulas placed seismology 
on a new level. 

It became obvious, after the failure of 
the Milne Seismograph that a much higher 
magnification was necessary. The end of a 
shorter pendulum was coupled to a pivoted 
focal mirror of half-meter focus and the 
electro-magnetic damping was retained. 
The coupling of the pendulum to the mirror 
could be made at either of two positions, 
giving 150 or 250 magnifications of the 
ground movement respectively. 

With the higher magnification the re- 
cording spot of light moved 1 mm. for 
a change of level of 1 inch in 136 miles. 
The new Milne-Shaw seismograph is cap- 
able of a much higher degree of sensitiv- 
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ity. It is in use at Birkenhead, two miles 
from the sea, to measure the bending of 
the rock strata under the estuary of the 
river Mersey caused by the weight of the 
water flowing in at each tide. 

This forms an extra component in the 
prediction of the height of the tide. The 
pendulum can be made to oscillate very 
slowly, once in two minutes. One milli- 
metre displacement of the light spot then 
represents a change of level of one inch 
in 8,000 miles. 

Seismographs generally are difficult to 
The design of the Milne-Shaw 
machine is so arranged that this could be 


calibrate. 


completed in a few minutes and at a dis- 
tance from the pendulum itself. The prox- 
imity of the observer thus does not distort 
the registration. 

An important expense in operating a 
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modern seismograph lies in the cost of the 
photographic paper. To reduce the cost 
to a minimum, a recording device has been 
designed which produces a very fine trace 
upon the photographic paper. This per- 
mits a slower speed of paper to be adopted, 
while retaining the separation of each wave 
in the seismogram. 

The source of light is an electric bulb 
shining through a vertical slit. To record 
the time, an electrically operated shutter, 
controlled by an independent clock, cuts 
off 90 per cent of the light each minute. 
The trace is thereby broken except for the 
faint image remaining during the eclipse. 
3y this means a continuous trace is ob- 
tained regardless of the time marking im- 
posed upon it. The apparatus is designed 
for a paper speed of either 8 or 16 mm. 
per minute. 


BOOK REVIEWS 


FAULKNER, Epwarp H. A Second Look. Nor- 
man, Oklahoma: University of Oklahoma 
Press, 1947. 193 p. $2.00. 

Voct, W. Road to Survival. New York: Wil- 
liam Sloane, 1948. 301 p. $4.00. 

Ossporn, F. This Plundered Planet. Boston: 
Little, Brown and Company, 1948. 207 p. $2.50. 

PEARSON, FRANK A., AND HArpPER, FLoyp A. 
The World’s Hunger. Ithaca: Cornell Univer- 
sity Press, 1945. 83 p. $1.50. 

Unitep Nations. Soil Conservation, An Inter- 
national Study. F.A.O. Agricultural Series 4, 
Washington, D. C.: H. K. Press, 1948. 189 
p. $2.00. 

PFEIFFER, EHRENFRIED. The Earth’s Face and 
Human Destiny. Emmaus, Pennsylvania: Ro- 
dale Press, 1947. 174 p. $2.75. 


The six books listed above stress man’s de- 
structive exploitation of the natural environ- 
ment, and the harmful developments which have 
culminated in biological and cultural conditions 
unsatisfactory for man and beast. Spawning of 
excessive numbers of children and domesticated 
animals is condemned as contributing to insta- 
bility in the environment and as undesirable for 
human welfare. Emphasis is given to the neces- 
sity for immediate remedial measures. Estab- 
lishment of permanent conservation institutions 
is recommended to preserve and to protect the 
waning earth resources. 

Faulkner, in A Second Look, continues his 
attack on the plow, following the theme of his 





earlier publication, Plowman’s Folly. Although 
his illustrations are unfortunate and his reason- 
ing superficial, the attack on the plow as an 
instrument of soil destruction is made clear to 
the reader. He has discovered one of the mod- 
ern machines that has denuded the land and dis- 
turbed the soil allowing excessive erosion, lea‘:- 
ing, and oxidation. However, other tools of 
mankind, among them the ax, scraper, drag-line, 
fire, and explosive, also serve purposes of denuda- 
tion but they were ignored by the author. 

Road to Survival and This Plundered Planet 
reveal the extent of soil loss, water misuse, ani- 
mal and plant damage, mineral depletion, human 
maladjustments, and other evidences of insta- 
bility in the environment. Further, there are 
social problems that arise under such unwhole- 
some conditions. Osborn concludes, “If we con- 
tinue to disregard nature and its principles the 
days of civilization are numbered.” The com- 
prehensive nature of their material and the pres- 
entation of the facts cary a message of vital sig- 
nificance to inhabitants of the earth. 

The World’s Hunger lends emphasis to other 
authoritative statements, i.e., the earth can sup- 
port only a limited number of people under the 
stage of technological development and rate of 
cultural progress we have today. The authors 
conclude, “[Beneficial] changes will be slow and 
gradual, with little likelihood that they will con- 
tribute much during any one generation.” 

Plans for betterment of conditions are under 
scrutiny by the Food and Agricultural Organiza- 
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tion of the United Nations. The book describes 
the land as to its physical and economic factors. 
Losses from erosion by mismanagement of farm, 
forest, and range lands are shown for the world. 
Conservation measures are classified under major 
kinds of land use, such as: farm lands of shift- 
ing cultivation, range lands, and forest lands. 
Brief explanation follows of the organization 
and planning of Soil Conservation Projects under 
the Soil Conservation Districts and of the T.V.A. 
Soil Policy. Appended is a Schematic Land Map 
of the World. 

In Pfeiffer’s The Earth’s Face and Human 
Destiny, the subject of man’s futile attempts at 
adjustment is approached geographically and 
philosophically. Suggestions for a remedial pro- 
gram are broad and indefinite. Landscape ward- 
ens are recommended to aid land users in making 
proper land use adaptations. 

Other books have been and will be written to 
describe and to seek a remedy for these difficult 
problems of humanity, but perusal of the con- 
tributions listed here should give researcher and 
educator insight into questions of world-wide pop- 
ulation pressure, natural resource deterioration, 
probable yield of products to be expected, and 
possible measures to take for environment im- 
provement in the future. 

Davin C. WINSLow. 
DEPARTMENT OF PSYCHOLOGY IN THE COLLEGE OF 

THE UNIVERSITY OF PiTTsBURGH. Current 

Trends in Psychology. Pittsburgh: Univer- 

sity of Pittsburgh Press, 1947. 225 p. $3.50. 

This monograph is a series of eight lectures 
delivered during March 5 and 6, 1947 at the 
University of Pittsburgh. 

The following papers and speakers are listed: 
Psychology as a Profession by Wayne Dennis; 
Experimental Psychology by B. F. Skinner; 
Child Psychology by Robert R. Sears; Clinical 
Psychology by E. Lowell Kelly; Psychotherapy 
by Carl Rogers; Personnel Psychology by John 
G. Flanagan; Human Engineering by Clifford 
T. Morgan; and The Sample Interview Survey 
yy Renis Likert. 

In child psychology the trend is toward a study 
of the behavior of the child as a whole, toward 
an emphasis on the learning process itself, and a 
third emphasis on the social setting of behavior. 
It is becoming systematic. To the older meth- 
ods of standardized tests and instrumental re- 
cordings, it is adding observational sampling and 
projective techinques. 

Trends in personnel psychology is toward the 
development of 1. a comprehensive list of the 
critical requirements for all activities; 2. a guid- 
ance battery of approximately 50 independent 
tests; 3. a comprehensive list of educational ob- 
jectives; 4. new and comprehensive procedures 
for evaluating proficiency with respect to the ob- 
jectives established by the requirements as de- 
fined; 5. a systematic program of validating the 
first forms of the materials listed in the above 4, 
using carefully developed criteria of success; 6. 
a simplification of tasks individuals are called 


ao 
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upon to perform, in terms of psychological prin- 
ciples for obtaining maximum effectiveness; 7. 
improved procedures for the selection and train- 
ing of leaders; and 8. materials which will assist 
the individual in making more intelligent deci- 
sions regarding matters of group action. 

The sample interview survey is the combina- 
tion into a single procedure of many develop- 
ments in recent years in sampling, interviewing, 
research design, attitude measurement, content 
analysis, and motivational theory. 


PITCAIRN-CRABBE FOUNDATION LeEcTURE SERIES, 
Modern Education and Human Values. Pitts- 
burgh: University of Pittsburgh Press, 1947. 
165 p. $3.00. 

This is a series of six lectures presented under 
the auspices of the School of Education of the 
University of Pittsburgh. The lectures and 
speakers were: Reorientation in Education by 
Boyd H. Bode; Human Values in the Social 
Sciences by Douglas Southall Freeman; The 
World Educates for Peace by Arthur H. Comp- 
ton; Religion and Education by Henry P. Van 
Dusen; Js the Educational System Obsolete? 
by Robert M. Hutchins; and Education for Self 
and Society by Ordway Tead. 

In this series of six lectures one runs the 
gamut of the philosophies of education from that 
of Bode to those enunciated by Hutchins. Read 
and take your choice—most persons have and 
will be little influenced by the elaborate argu- 
ments set up in these highly interesting and 
usually controversial discussions. And in the 
meantime, American Education flounders on, pos- 
sibly not always forward. As Ordway Tead so 
well puts it “the Amercian teacher is at once 
the glory and the crux of our school system.” 
Possibly the most hopeful thing is that Ameri- 
can education is quite unlikely to be suddenly 
led off in an entirely new direction by the lash 
of scorn pointed at our present pattern or by 
the enticings of certain individualists who know 
their theories are right and that everyone else’s 
are wrong. 

J. O. S. 


Horn, Gunnar. Public-School Publicity. New 
York: Inor Publishing Company, Inc. 1948. 
226 p. $3.50. 

This is a practical guide for teachers and ad- 
ministrators. There are four major parts: 1. 
Where to Find School News; 2. How to Write 
School News; 3. How to Get Stories Published; 
and 4. How to Get the School on the Air. 
School news includes school activities and events, 
classroom stuff, pupils are news, and teachers 
are news (whether they like it or not). Modest 
as most teachers are, news about them is both 
desirable personally and professionally and for 
the good of the school as a whole. 

A clear and objective style is essential in good 
journalism reporting. Sentences should be short. 
There should be a small percentage of poly- 
syllabic words and words of Latin origin. One 
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of the maxims of Carl Sandburg is, “Think 
twice before you use an adjective.” 

There is a brief chapter on writing for edu- 
cational journals. The Appendix has a manual 
on style for writing for newspapers: capitaliza- 
tion, punctuation, abbreviations, figures, words, 
and names. 

Altogether this is an exceptionally fine book 
for the school administrator, the journalism 
class, anyone writing school news, and all class- 
room teachers. You will thoroughly enjoy read- 
ing the book and the sound common sense may 
be found quite useful! 


—F. M. D. 


Grant, Letn, Hersert S., AND 
Scouten, Ciirrorp E. Physics for Arts and 
Sciences. Philadelphia: The Blakiston Com- 
pany, 1948, 731 p. 

This is a college text written for beginners. 
“Its style is based on the assumption that its 
readers are beginners, but beginners capable of 
being interested in the way in which nature 
behaves. Historical presentation is used only 
when it appears easier for the student and reason- 
ably accurate for a modern perspective. For the 
most part modern explanations are given from 
the start, and experience with large numbers of 
students indicate that this method is usually both 
easier and more interesting for modern young 
people.” 

An overview is used as an introduction to each 
chapter. At the end of each chapter, the prin- 
cipal ideas developed are listed and a central 
thought summarizing the chapter is given. Prob- 
lems are arranged in graded groups. Color is 
used in many drawings. 


Hector, L. 


—G. 


Aut, Frances Norene. New Zealand Through 
American Eyes. Boston: The Christopher Pub- 
lishing House, 1948. 189 p. $2.50. 

This is one of the most delightful travel books 
that the reviewer has ever read. With a literary 
style that makes for both ease and enjoyment of 
reading, the author makes New Zealand seem one 
of the most delightful countries on the face of the 
earth. May we soon have another travel book 
by this charming writer! 

The author is a student of government and 
history—a noted traveler, writer, and a woman 
who likes people. This latter quality is evident 


throughout the book. The book is direct, human, 
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and informative. She has a genuine admiration 
for the people of New Zealand and her pic- 
turesque description of the land and its people 
makes one want to visit this beautiful country, 
too. Woven into her description of the land and 
its people is much historical and economic in- 
formation. The New Zealanders are truly a 
forward looking nation, liberal, but not communis- 
tic or radically socialistic in political and eco- 
nomic outlook. 

When you read the book, you travel vicari- 
ously with the author on her 3,000 mile journey 
seeing the beautiful cities and the picturesque 
landscape. Miss Ahl is not only a true traveler 
but a real lover of science and nature as well. 
If New Zealand is as fine a place in their own 
eyes, as it is through the eyes of Miss Ahl, 
every New Zealander would be proud to say, “I 
am a New Zealander!” 


—F. M. D. 


3ARBEAU, M. Alaska Beckons. Caldwell, Idaho: 
Caxton Printers, 1947. 343 p. $4.50. 


Asiatic origins of early man in Alaska are 
traced through the telling of ancient stories and 
the analysis of them. Barbeau painstakingly 
examines any reference to adornments, weapons, 
utensils, vehicles of transportation, music and 
poetry, totems, customs, religious beliefs, and 
conflicts between groups. Marked adaptations to 
new conditions and tenacious retention of old 
beliefs are interpreted. For example, songs of 


funeral rites retained their words and tunes long 
after the meaning ceased to be clear under the 


influence of religious faith. From such a study, 
it is concluded that man, indeed, had his begin- 
nings in the Orient and brought artifacts and cul- 
tural traits with him when he wandered onto the 
North American continent. 

Haidas, Tlingits, Tsimsyans, and Dene all show 
their cultural inheritance carried from across the 
Pacific, usually along the Bering Strait route. 
Tlingits used copper before white man penetrated 
into Alaska. Unique expressions of art are 
prominent in the form of carvings on wood, stone, 
and argillite, in decorative painting on the fronts 
of houses, in engraving of boxes, in embossing of 
leather, and in working of silver and gold. 

Beautifully illustrated and well-written, the 
book is a contribution to prehistoric knowledge 
znd commendable as a_ reference source for 
scholars and teachers. 

—Davin C. WINSLOW 








